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COLOURED PLATE I. 
EXPLANATION 
1. Lac larva. 
2. Lac male adult, winged. 
3. Lac B m a l e adult, apterous. 
4. Lac Female, young. 
5. Male cell, adult. 
6. Female cell, young. 
7. Lac female, adult. 
8. Female cell, adult. 
9. — 10. Adult lac female cells showing yellow spot after Negi, 
P. S. Ind. J. Agric. Sci. Ill 6. 1933. 
In fairly large areas Baisakhi Katki and Jethwi crops should 
be removed at the stage shown in figure 9. 
The Aghani crop should be removed at the stage shown in 
figure 10 if the weather is favourable. 
11. Male and female cells>011. a twig. 
nnKoouCfCtiO^o-
12. Mature Zizyphus Ju^ba- (Ber) lac on the stick. 

IHTIPDUQTIDH 
Lac, the versatile resin, is a unique gift of nature to mankind. 
It is the only resin of animal origin and is the hardened secretion ®f a 
red tiny insect called Lacclfer iaSfia (Kerr). The wrd lac (Hindi, iafc^ 
is believed to be derived from the sanskrit wrd "Lak^a" meaning 
"hundred thousand," most probably due to the fact that myriads of tiny 
iiEsects t ^ e pari in t&Q secretion of the resin. The vorld's maM lac 
growing area forms a belt covering mainly India, Pakistan, Ceylon and South 
Bast Asia, The encrustation in its crude fom is, known as stlcklae and when 
refined as lac or shellac, 
Lac Insect.- Lac insect is ^eci f ic in its parasltlsn and thrives only 
on certain trees and bu^es viiich are consequently called lac hosts. The 
principal lac hosts in India are 
( i) Palas rBtttea monospema (Lawk) Taub,_y 
( i i ) Ber / ^izvDhus msiuritianft (L£jffik)_7 
( i i i ) Kusmn / Schleichern oleosa (Lour.) Oken_7 
(iv) ' Jalari /"Shorea talura (Borsb) f 
(v) Bhalia (Mpghani^crophvlla) the only bush host for lac, and ia 
Thailand, Raintree /"Santan^a saman (Jacq,) MeiT._/« 
Lac bearing twigs are cut down into small pieces (called braodlac) 
just before the emergence of larvae, and tied on the branches near the 
young shoots of the host trees to be infected. Young larvae, as they 
emerge, settle down on succulent tender dioots, suck the sap by piercing 
their proboscises through the bark and start secretion of lac. Eight t» 
fourteen weeks after settlement, the larvae attain sexual maturity and the 
2. 
adalt males, •sdiich are either winged or wingless, fertilise the females 
and die soon thereafter. The females, then, contime to grow and secrete 
the resin with great vigour t U l the egg laying period. As the insects 
usually settle close together the resin cells gradually coalesce with 
each other forming continuous thick encrustations on the twigs. In the 
final stage, the insect contracts its body and lays eggs in the vacant 
^ace where the eggs are hatched. The larvae emerge out to start the 
nejct generation (Fig. l ) . 
Ordinarily the insects have two l i f e cycles in a year yielding 
tvo lac crops. There are two strains of lac insect in India, The l i f e 
span of "Kuami straiqi." growing on kusai hosts is of six months duration 
from June-July to J an--I* ©be (Adiani crop) and from Jan,-Feb, to June-July 
(Jethxfi crop). In the case of "Rangeeni strain" (the strain thriving 
on hosts other than kusum), one generation lasts only four months from 
June-Ju]y to October-Novetaber (Katki crop),\diereas the subsequent one 
(Baisakhi crop), iiiiich is the major crop, for e i ^ t months from Oct,-Nov, 
to June-July, Hence there are in all four crops in a year, Kuaa;^ ! strain 
gives siperior quality of lac as conpared to that of Rangeeni strain but 
the overall production of Rangeeni lac is six to e i ^ t times as compared 
to that of Kusmi lac. 
Lac encrustations are s^arated from the twigs by scraping, 
lac thus gathered, is known as sticklao. It contains the lac resin together 
with colouring matter (erythrolaccin),wax, odoriferous principle. Insect 
debris, woody materials, sand, dust sind other water soluble In^jurities 
suchas lac dye (laccaic acid). It is, therefore, subjected to various 
refining processes. The common commercial refined foims of lac are 
3.. 
^qedlae. shellac, button lac, garnet lac. tJ^ egehed lac and 
iaS« Devaxed gffid decolourised lac is prq)ared ty filtering off the «ax 
from a chilled ^ i r i t soluti©n of seedlac ^d afterwards removing the 
colour tiy adsoiption on activated charcoal. I^e to the versatility of the 
resin it has been and is being used in innumerable ^ d varied lodustries. 
Owing to the inqiact of ^ thet i c resins it has lost its biggest use 
which was in the grajnophone industry. At present it is beijag mainly used 
in surface coatings (paint said varnishes), electrical insulation, cements 
and adhesives, printing inks, moulding coi^o sit Ions, etc» 
Conroositix^ns of sticklac. seedlac and shellac. 
Lac in its refined form is always associated with a yellow dye 
(erbhrolaccin), an odoriferous principle dnd a good aPount of wax. 
(1) 
Hatchett was the first to study the con^josition of sticklac, seedlac 
(2) n 
and shellac in detail. Later Tgchirch and Famer followed by Ludy 
(3) 
and Schaeffer also reported on the congjosition of sticklac (see Table I ) . 
Table I. Percentage composition of sticklac. seedlac and shellac. 
Constituents Sticklac seedlac shellac Tschirch & 
Famer 
sticiaac 
w 
Schaeffer & Ludy 
sticklac 
Resin % 68,0 88.5 90.9 74.5 71.8 
Oyestuff % 10.0 2.5 0.5 6.5 1.8-8.0 
6,0 4.5 4.0 6.0 6-6.8 
Gluten % 5.5 2.0 2.8 m • • 
Impurities % 6.5 - - 9.5 7-11.5 
Volatiles % 4.0 2.5 1.8 3.5 1.8-3.2 
4. 
Chfiiralatry of lao. 
Oewaxed decolourised lac is the nearest sppraach to lac resin 
in the pare fona although even 3ja this, negligible amounts of vax and 
colouring matter and some amount of odoriferous principle are present. 
The resin Is nob a choaical entity and can easily be resolved into tiro 
U) 
fractions by ethyl ether, She earliest resolution vas done by Tschirch 
(2) 
and Famer , 
( i ) the ether-in soluble solid portion vas the major one, nearly 
70% and named as "reinharz®", i.e. "pure resin," vdiile 
(5) 
( i i ) the ether-soluble portion vas named by Nagel as 
"soft resin," vhich is nearly 30% of the entire resin. 
The fonaer (pure resin) is maiixly re^onsible for most of the 
characteristic resinous properties of lac Tixile the latter (soft resin) 
is supposed to act as a natural plasticiser for the pure resin. Obviously 
the chmistry of lac means the chemistry ©f these tvo components as veil. 
The chemistry of lac resin is sti l l not completely elucidated. 
The investigations of different groups of ^jorkers have diovn that it is 
a polyester type of resin made up of various hydrossy fatty and sesquiter-
penic acids. It is acidic in character and the acidity is attributed to 
free carboxyl group. From its chemical constants such as acid value, 
ssponification value, hydroxyl value, iodine value and carbonyl value 
it has been saggested that an average molecule of the resin, having a 
molecular veight of 1000, contains one free carboxyl, three ester, five 
(6) 
hydroxyl and one alddiydie , (partly free and partly combined) groups, 
and one tmsaturated linkage. The exact location of these groups, hovever, 
is not knovn vith certainty. In addition to the above th2,ere is evidence 
5.. 
(7) (8) , (9) 
for the presence of some ether , acylal and acyioia linkages 
id the molecule* 
The inporfcant physical and chemical constants of shellac, pmre 
or hard resin and asft resin are scammarised in Tahle 2, 
Table 2. - Physical and chemical constants of shellac, pure 
resin and soft resin« 
Constants Shellac Pure resin Soft resin 
Softening point in ®0 65-70 75 Viscous liquid 
Melting point in ®C 75-80 87 -do-
%ecif ic gravity 
25 
1,O28-1,031 1,028-1,029 
Specific rotation ^ •60,71 •54»83 +63,60 
Acid Value 65-75 55-60 103*110 
Saponification value 220-230 218-225 207-229 
Hydlro^l value 250-280 235-240 116-117 
Iodine value (Wijs*) 14-18 11-13 50-55 
Garbos^ ?-l value 
( sodiom sulphite method) 
7,8.27.5 17.6 17.3 
Molecular weight 
by Rast» s Method 
1006 1900-2000 513-556 
Shellac, pure resin and soft resin have been subjected to alkaline 
inydrolysis by various investigators and a number of acids iaalated from the 
2),5),7),10-24) 
hydrolysate and characterised . 
6. 
Shellae acids from hard res3ji^  and from totaX laO 
(2) 
This crystalliiie acid «as first isolated ty Tscliirch and Famer 
in 1899 from hard resin hydrolysate and named as 8:j,qt;^ ritie qci,d. Harries 
(5),(7) 
and Nagel (1922) saponified the hard resin hy means of 5 N cjawstic 
potadi and obtained alearitic acid in an yield of 3O56 and the acid 
obtained from it vas identical with the one isolated l^ y Tschirch and (2) (16) 
Famer • Schgteffar and Gardner have obtained this acid from shellac 
(25) 
in gffi yield of 2958 vtfille Gidvani claimed to have obtained it in an 
yi^d Gf kyft from devastsd and decolourised shellac* The acid was ^ovn 
to be a trihydroaq^ palmitic acidj 100-101®G), methyl 
ester, (m,p, 69-70®G), Nagd. establi^ed its constitution as 
9,10,l6-triiydr®3!ypalaitie acid since on oxidation with permanganate at (26) 
100*^ 0, it gave az^aic and pimelic acids* Raudnitz sjLal* confirmed 
I 
the presence of vicinal hydroayl grox^ qjs at 9:10 position by degradative 
(27) 
studies with lead tetra-acetate* Nagel and Hertens indicated the 
presence of the third hydroa^l group at the om^sition by preparing from 
it, the 9#lO-dihydroxy-1,l6-hexadecanedioic acid (m.p* 125-127®G)* They 
also suggested a ifeEsa configuration for the vicinal hydroayl groups 
(28) 
and were sapported by Iftmsdiecker , who converted the nataral acid 
(threo) into the ervthrs acid, (m.p. 126®0)* 
OH 
I 
OH - CH^  - (GH^)^ - OH - OH -(GHg^y " 
OH 
(29),(30),(31) 
Mitter sJual* were the first to sornthesize aLoaritic 
acid by an Interesting method starting from oHaothoxy hoxamethyl^ ie bromide 
7, 
aBd 9-me-bhoxy 8,9-dil3i*»mii)-aDByl chloride. The various steps of the reaction 
vere a@ follovs. 
Meo(GH )^^  Br^ MgfMeo^Br GH-CH.Br-CCHg)^  01 
\ I 
Meo(CH^^.0H(0Me).GHBr.(GH2)^ Cl 
dust in butyl alcehol 
in alcoholic solution 
MeoCGH^ O^H = GH.(CH^)7 -ON 
Alc.KOH 
> r 
Meo( GK )^ (GHg) ^  -GOOH 
concentrated H31 in glacial acetic acid 
4in a sealed tube, 
Gl-CGHg)^  GH=CH (GH^)^ - GOOH 
GH GOOK in glacial acetic acid 
> t ^ 
GH^  G0,0(GH^^,CH=GH,(GH^^ - GOOH 
3056 Hydrogen peroxide in f a c i a l acetic acid 
GH^  COO(GH^^ GH(OH). GH(OH). (GHg)^ - OOOH 
Me. 
OH-GHg (CH^^ -CHOH, GH3H, (CH^^ - GOOH, 
Th^ obtained an isoaeric acid having a melting point ©f 125^0, 
This add, however, did not duress the mating point of the natural acid, 
(32) 
BgndQjrfc t later on, reported the synthesis by a different 
route. 
8. 
.GOOGH^  + GH^  = 0H,(GH2)^. GOOGH^  
o^diumy siylene 
GH^  ©.(GHg)^ - OO.GIDH.CGHg)^  - GHsGHg 
AluminiuKi isqprc5>oxid© reduction 
GH^  0.(GH^^.CH0H.GHDH-(CH2)^  - GH = GHg 
Acetylation Ac^Oj^cl^, Acol. 
A00( GH^ ) ^ -CH)AG.GIDAG.(GH )^ ^  -GH=CH2 
> / 
AGO(GH )^^  - GHOAG - Offi)AG.(GH )^^ .GOOH 
Hjrdrolysie 
H0-GH -^(GH2)^ -GH-GH-(CH2)^  -GOOH. 
I I 
OH OH Aleuritic acid. 
Tvd foims of aXew.ritic acid vere prepared ly this procedure 
melting at 131-132®C ajid 102-104®C re^ectively, of which the lower 
melting isomer was identical with the natural acid, thus confirming 
the threo configuration for it, 
(33) 
Recently Madhav fii.j3l« have developed a method for the 
preparation of the erythri^  form of aleairitic acid in an yield of 
The presence 3n shellac of the higher melting isomer has not 
been establi^ed but some workers have reported the isolation of a i'; few (34) 
isomers having the sajae or lower melting poiiits. Sndemann reported 
the isolation of 9,10,15-trihydroxypalmitic acid (m,p,lOO-lOl®G) and 
(35) 
Rittler fotind 8,9,l6-trihyarox3rpalmitic acid (m.p. 101^) though the 
-9-
(16) 
evidence presented by both was scanty, ^chaeffer and Gardner obtained 
(15) 
an isomer melting at 97-97,5®G T<ditLe Weinberger and Gardner r^orted 
another isomer melting at 89-90® G but the purity of these acids is open 
(21B) 
to question. Saagupta had sho\m that natural acii is not a homogenous 
product but a mixture ©f twa crystalline isomeric acids, melting at 
102,5®G and 97.5®0 rejectively. 
Harries and Nagel were also able to isolate another acid 
^Aiich they designated as ^e l lo l ic acid (m.p, 200-210®0, decompo. 202-203°C) 
in the fona of its dimethyl ester (m.p, 14.9SC) from hard resin hydrolysate 
in an yield of approximately 4--6J6, They establi^ed that the acid vas an 
unsaturated, dihydrosy, dibasic, hydroscromatic acid having the molecular 
foximila C -^H 0,. It gave a positive Liebeimann-Burchard test, 
15 20 6 
On the basis of very slender chemical evidence Nag^ . sk j l * 
assigned a hydroaromatic structure ( I ) t© s h ^ o l i c acid \iiich later vas 
changed to a tricyclic sesquiterpene (135 structure. 
COOH COOH 
HO 
HOH^C 
on 
n 
C O O H 
c-on 
I 
C O O H 
10. 
(36) 
The iaveafcigation of lates Field, on the U,¥« ajad spectra 
of dimethyl shellolate, has ^ovbi that the double Tx»nd is conjttgated 
to the ester earhoxyl group ^ i l e the N,M,R» spectjpom indicated a vinylic 
hydrogen and one (G-GH^ group. By a series of degradation studies and 
^ thes i s of one of the degradation products, they vere able to show that 
shell©lic acid is a sesquiterpene ( I I I ) with the cedrene ^eleton (ITO. 
The only other naturally occuring compound related to this is cedrol C^* 
hoot C O O K 
CH--
CH, 
CM-! 
IL 
Aooc 
IZE 
The above confi^ration (sesquiteipenic structure) has been 
(37) (38) 
confiriaed ly Garruthers sjLaiU and later by Goc s^on et al. , 
also deduced" the absolute configuration (VI) from their studies involving 
degradation, stereochanistry and proton magnetic resonance ^ectroscopy. 
The absolute configuration has ala> been confirmed by X-ray crystallogr^hic 
studies. 
(13),(25) 
Other workers have reported considerable difficulties 
11. 
in the isolation of shell©lic acid aiid have saggested that it mi^t as 
(16) 
well tj® a secondary product of hydrolysis, Gardner siLjii* and also 
(13) 
Bhattacharya have instead isolated a lactonic acid, ia,p, 91®G, 
which the former designated as "lacolic lactone" having the molecular 
(17) 
formula C ,H Later on, however. Kirk repeatedly obtained 
ID 24- 5 
dhellolic acid from lac resin and believed that lacolic lactone is a 
mixture of several acids related to shellolic acid. In addition t® 
shellolic acid they isolated five more crystalline products, namely 
two isomers of shellolic acid (m.p, 206®G and m,p, 238°C), two isomers 
of dlhyiro^ellolic acid (m.p, 226®C and 245®G) and two isomers of the 
next higher (CH^ horaologue of dlhydroshellolic acid (m.p, 166®G and 2a6®C). 
Cookson et isolated an isomer of shellolic acid, m,p, 232-233® 0 . 
(decompo,), /'"L/+4.9®C liiich may be identical with the isomer reported 
^ Kirk ^ i i ? It Was identified as the ^jmer of shellolic acid, 
which is formed by the ^itiierisation of the secondary carbojo -^l group 
in alkaline medium. This isomer was teraied as epishellolic acid (VII) , 
(38) 
According to Gookson it is not present in the resin itself but is 
produced subsequently during alkaline treatment of the resin. The formation 
(23) 
of this acid has also been confirmed ly Wadia, Mha^ar and Sukh Dev , 
COOM COOH 
CH. 
CW^OH 
•3 
m JALABICACID 
12. 
l a l f l S i s ^ M , ^ 
(20) 
Ksjaath and Potnis isolated an aldehydic acid in an yield of 
5056 frcm ja lar i seedlac on ssponification with 0.5N alcoholic csoastic 
soda in the presence of sodium sulphite. The acid -viiich they named as 
Jalarlc acid has the molecular fornmla • 
found to contain two hydroayl, one carboxyl and one aldehyde groups. 
(21) 
Sengiipta was also able to isolate it froia kusni seedlac to the extent 
of only 25/6. He also found that this acid is present in Celiac in free 
state to the extent of not less than one percent. The previous wrkers, 
however, could not reach any conclusion regarding its structure. Wadia 
(23) 
isolated a pure saatple of the acid ( jalaric acid-A) from aalaa. 
- >26 ,„ 
seedlac, m.p. 178-180^0, / « /»+36.8 (cip,7$ $ StOH), ^ i ch analysed for 
D 
C._H 0 , They established its structure and deduced the absolute 
15 2U 5 
configuration (VI I I ) . J alaric acid-A was readily oxidised with silver 
oxide to ^e l lo l ic acid (VI) and aa i^e l lo l ic acid (VII ) , They deduced 
that s i^ -^e l lo l ic acid Was formed during oxidation of j alaric acid-A 
(VIII) Tiliile shellolic acid was formed hy the oxidation of j alaric acid-B 
(IX), the epimer of j alaric acid-A. 
Ji COOM 
1 
K 
4 -
C O O H 
CviJ R = c:oo>i 
W ^ 
CviO "R ' coovi 
(VIIO T?. ^ c t to 
CXO 
13. 
(23) 
These -workers also isolated two more new acids from the l^drolysed 
ptare resin and nssned them as Igk^oliq (X) and epilake^olic acids (XI), 
These are trihydroxy monobasic acids having a GH^ OH giroup in place of 
a -GK) group in jalaric acid-A and melted at 181-183®C and 201-203®G 
re^ectively. According to them shellolic, epi^ellolic« lak^olic and 
SOllak^olic acids are not the primary pradacts of hydrolysis tut arise 
from a Cajinizzai© reaction of jalaric acid-A» In fact ^en pure jalaric 
acid-A vas subjected to alkaline conditions, all the four acids vere 
isolated from the reaction mixfcare. 
Butolic acid: 
iipart from alearitic acid, a large number of other aliphatic 
acids, have also been r^orted. Most iB?)ortant among them is, butolic 
(19) 
acid. m,p, 58®G, f i rst isolated hj Bose and Sengapta (1952) from 
shellac ^drolysate. They believed it to be 6-hydrsxy pentadecanoic acid* 
(22) 
Qunstone jgjLal* obtained this acid io. an yield of about 5% from the 
same source and establi^ed its structure as 6-hydro3y tetradecanoic acid 
by degradation studies and finally by sijrathesis, starting from cyolopentanone (24) 
and nonanoic acid, Sukh Qev et al, have reported its occurence to the 
extent of 1,5$ in hard resin and 85f in soft resin, from palas seedlac, 
(22) 
They have farther confirmed the structure given by Gunstone Qt al. 
(l2£iLc4i). 
MflRpHOi.iNr L J x f r ' ^ " V. -a-yy s 
priLuiNi 7 — [ 
O^i-PHOMIC I 
MEOM/neJL 
14.. 
Raeently some minor aliphatic constituents ajnount^ to atout 
y.% have been isolated and characterised Toy Chmstone £cam total 
lac hydTOlysate of saperblonde sh^lac. The acids isolated by them were 
as folloi?ss 
( i ) saturated straight chain acids of G^, and G g^ 
Carbon atoiasy 
( i i ) unsaturated acids of sme chain lengths as above, 
( i i i ) 6-keto tetradecanoic acid, 
(iv) ai-hydro25y saturated and unsaturated acids, and 
(v) JbiTSS" 9»10,dihydr©3cy G^^  and C^^ acids. 
(24) 
Kharana Qt ala were also able to identify the presence ©? 
myristie and palmitic acids in pure resin hydrolysate. 
Besides lac resin, there are a rrumber of minor constituents 
in sticklac as has already been mentioned earlier. These are ( i ) a 
water soluble dye known as laC dye (laccaic acid), ( i i ) an alcohol 
soluble and water insoluble dye (erythrcTlaccin), ( i i i ) a wax and (iv) 
an odoriferous principle. 
Naturally these constituents attracted the attention of many 
investigators. 
The dye removed durii^ the washing of sticl{^lac vrith water 
i s acidic in nature and present to the extent of nearly It has been 
(39) 
named laconic acid by schmidt who f irst purified it and studied its 
(40) 
constitution, Qimroth and Goldschmidt regarded it as a dihydroxy 
15.. 
anthraquinone dicarlDOxyiic acid. That the chreiaophoric gi^up in laccaic 
tt (10) 
acid is a hydroxy anthraquinone was confirmed 'ty Tschirch end Ludy 
(41) (42) 
and recently ty Bhide sl-8l* siPi^  Burwood et al. According 
to Burwood laccaic acid is a mixture ©f several con j^onents, 
one of liiich contains nitrogen. Hence the structxire of laccaic acid 
has not yet been fully elucidated, 
( i i ) Alcohol soluble dye (eryfchrolaccln) 
The colour of lac resin is due to the dye, erythrolaccln 
.(2) 
vhich was first isolated by Tgchirch and Famer to the extent of 
156 from the etfiier extract of the resin. They believed it to be m oxy-
n (10) 
methyl anthraquinone derivative while according to Tschirch and Ludy 
it was tetrahydroxymetiayl anthraquinone, ^It^was studied slnrulteineousLLy 
by Venkataraman et ql. and lates sjLfll* They have now shown nnv 
erythrolaccin to be identical with 1,2,5,7- tetrshydroay 4-Methyl sjithra-
quinone. 
v w CM o 
The lac insect secretes the wax in the foim of a thin \(bite 
filament along with lac resin. These filaments get embedded in the 
resin and thus form a minor constituent associated with lac. The wax 
is present in the natural lac resin to the extent ®f 4,5-5$, It has 
got Various industrial applications. Lac wax has been s^arated into 
16.. 
hot alcohol soluble ^d hot alcohol insoluble feaotions (80:20), and 
(46) 
Gascard considered that the former consisted prlncipially of a mixture 
of myricyl alcohol and its esters with melissic, ceratic, oleic and 
palmitic acids ajad that the latter was mainly lacceryl lacceroate, 
an ester of alcohol OH(m,p. 94®C) and lacceroic acid OOOH 
(m,p, 95-96®G), Tschirch and Schaeffer isolated, from the boaiag 
alcohol soluble (comprising about ,85%. of lac wax)portion, lak^adiacerol, 
C j^H^^ OH and l^diadiaceric acid They also isolated a hydrocarbon 
lak^adiacerin -vdiich constitutes about 2% ®f the wax. Ghibnall 
(48) 25-52 
^t , ql. believed that the alcohol insoluble wax was a mixture of esters 
of primary alcohols of an even number of carbon atoms from G q^ to G^^ and 
of aoOTal fatty acids of even carbon number from C^q to G^^^ The soluble 
Wax was believed to be only a mixture of prMaay alcohols, having even (49) 
number of carbon atoms from C^^ to G ^ . According to SubrsBieffiistn , the 
can^Kssition of lac wax is as follows, 
( i ) Free acid component, 2.1^, 
( i i ) free alcoholic component, 26.4^, 
( i i i ) a hydro hydrejy acid, 1.6^, 
( i t ) esters, 66,8$, and 
(v) hydrocarbons, 2,1%, 
< (50) 
Recently Paarot-Boucht and Michel examined lac wax afber 
hyirolysis and esterification, l^ jr means of OLG, They concluded that 
wax is composed of hydrocarbons (1,8%) alcohols (77,2^ and acids (2»7J0. 
17.. 
The laydit)carl»Bs isolated vere a laixfcare of h^tacesane, nonacosajie, 
and hentriTacontane, vith even homologues in minute amounts, Octocosanol 
was the major constituent ®f the fatty alcohols present. The acids 
are composed of Ggg, C^q, G^ acids with traces of other homologues, 
Odoriferous principle 
The presence of m odoriferous principle haviag a pleasant 
(2) 
smell was first recorded Ijy Tschirch and Famer viio obtained it 
from direct fffceam distillation of seedlac to needles, Bose ^d 
(51) 
Bhattacharya obtained it as brown oil and showed it to ooatain 
acidic and an ester fraction, the latter being ^obably lactonie in 
nature. No ^stematic study of this fraction has, however, been so 
far attempted. 
18, 
Table 3. Acids reported i n j u r e resla hTdrolvsate. 
S.Wo, Acid M.P. Sotjrce Yield in Molecular 
formtila 
1, Aleuritic acid 103-101 Bard resin, 
shellac. 
2. Isomeric aleuritic 100-101, Sard resin. 
(2) (5 ) (33) 
15 , 30 , 30-35 O H O . 
(18) (33) (25) ^^^^^ 
38 ,40 ,43 
102.5 
sfil'i 
3. Shellolic acid 
A. EeivShellolic acid 245-248 Hard resin. 
205-207 Hard resin, 
shellac. 
5. Jalaric acid 
6. Butolic acid 
178-180 
57-57.5 
7. Laksholic acid 181-183 
8. Epilakshollc acid 201-203 
Hard resf-n, 
shellac. 
Sard resin, 
0hellaG, 
Sard resin ) 
Hard resin ) 
(14) (18) (21B) 
4-6 ,9.2,15 
(20) (21) 
50 , 25 
(24) (22) (19) 
1.5 ,5-8 ,2 
a 
1#3 f5 
15 20 6 
G H 0 
15 20 5 
H 0 
14 28 3 
9. Minor constituents 
( i ) nonhydroi(y saturated & 
unsaturated C^^ acids, 
( i i ) saturated and unsaturated 
monohydroxy acids (G^^), 
( i i i ) 6-keto myristic acid 
( i v ) 9,10-diliydroxy G .^ & 0 acids. 
14 16 
Shellac 
^7) 
CHAPTER - I I . 
ISOLATION OF SOFT RESIW 
19.. 
igOLATIDN OF SOFT RESM 
As has been described in the iatroductoiy chgpter, lac resin 
is a complex mixture of several coi^onents and can easily be resolved 
into an ether-soluble "soft resin" and an ether insoluble "pfore 
or hard resin fraction" (70^. A review of the woik done so far Indicates 
that practically the entire attention of vjorkers in this f ield has 
centered on the ether-insoMble fraction \iiich is the major fraction, 
and is thus maSaily re^onsible for most of the characteristte resinous 
properties of lac. However, in order to evolve newer uses of lac and 
to suitably modify it , a knowledge of the chemistry of soft resin is 
also necessary. 
The present work was undertaken with the puipose of gaining some 
new insight into the chaaical nature of soft resin. During the course 
of ©ur investigations on the constitution of soft resin, it was f i rst 
fe l t necessary that the starting material should be obtained in as pure 
a condition as possible. Hence a ^stematic study was flndertaken to evolve 
a suitable and easy method of obta^niog pure soft resin fractionation. 
P^sti worie 
The fact that shellac is only partially soluble in ether was f i r s t 
U) 
recognised ly Unverdorben (1828) but the f i rs t systematic study of the 
(2) 
fractionation of lac was carried ©ut ly Tschirch and Famer (1899) 
and the method adopted was as presented in scheme I . 
20. 
Sticklac 
Soluble wax 6% 
Extracted vith petroleum ether 
reflux 
Insoluble 
Soluble 6,556 
i 
concentrated and treated 
with lead-acetate. 
Violet precipitate of lead 
conpound of dye 
treated with l^drogea 
sulphide 
laccaic acid 
Soluble portion 
35% of H 
Extracted with warm water 
Insoluble 
treated with boilii^g alco-
hol. 
Soluble Insoluble residue 
part consisting of wood 
etc, 9.556 
poured into water 
containing HGL acid 
precipitate of pure 
resinous material(H) 
dissolved in alcohol gjid 
poured into 10 volumes of ether 
Insoluble biLaak ppt 
65% of R 
Scsheiae I . Separation scheme of "Tschirch and Famer". 
tt ^ 
Later on, Tschirch in collaboration with Ludy (Jr. ) 
carried out the fractionation using a modified procedure (Scheme I I ) , 
They found it advantageous to premix the lac with about five times its 
weight of silver sand, as the resin swells considerably in contact 
with ether and forms a ^ongy mass into which solvent can penetrate with 
difficulty. 
21.. 
Sticklae 
aqueous extract 
treated vith lead 
acetate 
violet lead salt of 
laccaic acid 
Ether soluble 
repeatedly extracted with distilled water 
in a percolator 
1 
residue 
extracted with cold 
alcohol 
soluble portion 
poured in acida« 
lated water 
flakes 
residue (wax aiid 
inparities) 
mixed with silver sand 
and extracted with ether 
Ether insoluble sgffid residue. 
Scheme I I . Separation sdiama of "Tschirch and Indyy 
(5) 
also consisted in extracting diellac The method of Nagel 
.TVHoitiiv 
silver sand . with ether solvent in a soxhlet spparatus. Later 
(59) 
on. Palit noted that total soft resin could only be extracted ly 
recrushlng and r^eated extractions ©f the lac-s3lver sand mixture. 
He recommended a method based on ethyl acetate extraction which also 
did not give pure soft or hard resin, (3) 
Schaeffer (1925) analysed a number of samples of sticKLac 
according to the method of Tschirch and Pamer, He observed that 
consistent yields could only be obtained ly poaring a concentrated 
alooholic solution of the lac in a large volume of ether. He also 
noted that a portion •f soft resin was always le ft bdtiind with the hard 
resin. 
22. 
(15) 
Gardner and Weinberger recognised the advsflatages of 
fractionation of the resin into its simpler constituents by innocuous 
solvent before subj acting it to chesaical treatasent as shown in scheae III« 
Shellac 
extracted with chloioform 
soluble KI 
(30^ 
extracted with 
ether 
insoluble 
extracted with ethyl acetate 
soluble 
KIA(16.5^ 
insoluble 
KIB(l3.5Jg) 
extracted with 
boiling ligroln 
insoluble 
K]B( 12.7^ 
soft resin 
soluble 
KIG( 3.850 
wax 
I 
soluble 
nuof, 
extracted 
with 
ether 
insoluble 
extracted with 
floetone 
soluble insoluble 
KIII(1550 KIV(7.3^ 
V, insoluble soluble 
KIIB(30^ KIIA( 9.550 
insoluble 
extracted with 
boiling ligroIn 
I 
soluble 
KIia( 3.550 
wax 
Schame I I I . Sqoaration scheme of "Weinberger & GardQer" 
Of these fractions KIG gffid KIIQ vere diown to contain wax^  
KB) md KIB) the ether-soluble soft resin, while KIB, KIIB, Ki l l ^id 
/ 
KIV contained the pure resin. 
23. 
(36) 
Venugopaleffi and Sen maie use of acetone with and without 
tirea for fractionating lac into these two fractions. The hard resin 
was jnsolu'bl© in an acetone solution of shellac in the presence of 
urea and the soft resin was left unchanged in the acetone itself . 
Their method also d^ends on a differential solubility of soft ifiid 
hard resin In acetone or a mijcture of acetone and benzene at low temperatures. 
Shellac separates betwem 0-5®G into two fractions (1) the acetone-
(6G) 
insoluble hard resin (2) acetone-soluble soft resin, Sengupta 
carried out the fractionation ly taJcing advantage of the progressive 
precipitation of urea^conqplex on refluxing a solution of dewaxed, 
decolourised shellac in acetone with urea. Urea was r^oved from the 
complexes by boiling with water. Altogether six fractions, including 
one soft fraction ( preauaably soft resin), were obtained. (61) 
Ktinhuny and Sankaranarayanan have fractionated pal as 
seedlac into five fsactions ty temperature phase s^aration at 30,15>5 
and-11®C using diy acetone as solvent. The f i rst four fractions were 
solid viiile the last fraction was a soft sticky mass of idxich 80-86$ was 
ether soluble. 
This ether-soluble portion, according to them, was soft 
(33) 
resin. Recently Madhav, have developed an elaborate 
fractionation procedure as shown in Scheme IV, 
24. 
seedlac 
light petroleam ether at roam teaap, 
soluble vax insoluble residue 
treated vith cold alcohol, 
concentration followed by ether 
e^gtraction 
I ! 
soluble portion insoluble har€ resin-I 
removal of solvent 
followed Ijjr ether 
va^ingg 
soluble resin insoluble hard resin-II 
(62) 
Khurana and Sukh Dev have used a Rightly modified 
method viiere they have extracted powdered palas seedlac with 78^ cold 
alcohol. She wax and impirities were left behind and the resin dissolved 
out. After concentration, the resin solution was poured in ten times 
its volume of ether. The ether-insoluble portion was further triturated 
several times with ether and frcm the total ether esrbract soft resin was 
recovered. 
The fijaount of soft resin, obtained by the different methods 
is summarised in the following Table I, 

26. 
Present work 
There is good reason for supposing that these wide variations 
in the yield of ether aolulale resin ffOfwiLae are due as much to variatix>n 
in the method as to variation in the ssffnples* The yield has been 
(5) 
found to vary within The method of Nagel , of escfcracting 
with ether^is obviously;, very latorious and time consuming. 
A critical appraisal of the methods, so far adopted by the 
investigators, apart from ether esctraction method, shows that the 
(60) 
fractional precipitation methods (^iz, urea-complex fomation , 
(61) 
temperature phase separation , precipitation by ether from alcohol 
(33), (62) 
solution) gppeared to be very promising. Hence, in order to 
evolve a suitable and easy method, a comparative study of the above 
three fractional precipitation methods were undertaken along with 
ether extraction method. Accordingly dewaxed soft resins were prepared 
fr®m Various types of seedlac ssmples such as palaSj iEBffll* -1 nlarij 
bhallq and 
The soft resins thus obtained were soft and sticky balssm 
like materials of orange to reddidi brown in colour and were completely 
free from wax and iDpirities. The yield of soft resin on lac content 
for Various seedlac samples is summarised In Table 2. The table gives 
the coii5)arative data for different soft resins. The chemical constants 
such as acid, saponification, hydroxyl, iodine, ester and carbonyl 
values and molecular weights have also been detemined and smranarised 
in Table 3. 
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Tatle 3. Chemical constants of soft resin prepared fmffl 
different types of seed lacs. 
Source 
of 
seedlac 
Soft 
resin 
extracted 
by method 
Acid Sgponi- Ester 
Value fication value 
value 
.Ch.gfflic^ cpn t^gELtg 
%droxyl Iodine Garbanyl 
value Value value 
M2lSSuliajLj!ialght_:fe5r 
end group Hast 
method method 
Palas I 100.8 207.8 107.0 107.2 21.6 22.7 556.5 545.7 
I I 105.? 208.5 102.6 112.4 20,2 23.0 529.7 541.9 
I I I 104.1 217.7 113.6 112.9 26.2 27.0 538.9 524.3 
IV 107.8 222.6 114.8 125.5 22.1, 27.8 520,4 528.1 
Kuaai I 100,4- 221.9 121.5 106.8 23.8 24.0 558,7 560.6 
I I 105.1 225.6 120,5 114.6 25.5 24.7 533.8 557.8 
I I I 102.9 234.6 131.7 125.8 22.3 27.7 545.1 533.6 
IV 107.7 233.5 125.8 23.9 27.7 520,9 542.4 
Ber I 112.1 229.3 117.2 129.8 34.1 22.4 500,4 511.6 
I I 111.8 215.1 103.3 135.8 21.4 23.3 501,7 505.3 
I I I 108,4- 235.3 126.9 120,6 23.1 24.4 517.5 527.2 
IV 109.0 240.6 131.6 135.0 22.8 26,6 514.7 534.1 
Jalari I 109,4- 216.8 107.4 118,2 19.6 24.4 512.8 515.2 
I I 112.4 214.3 101.9 121.0 19.2 23.7 499.1 506.8 
I I I 107.4 207.6 100.2 130,6 23.9 25.6 522.3 518.2 
IV 111.4 228.4 117.0 121.4 20.9 25.7 503.6 510,7 
Bhalia I 101,4. 234.6 133.2 117.2 19.9 23.1 553.2 560,6 
I I 110.2 236.7 126.5 133.5 22.4 23.4 509.1 525.4 
I I I 109.3 237.4 128,1 124.5 21.9 26.2 513.2 526.3 
IV 110.3 238.6 127.1 119.8 21.4 26.6 508,6 515.7 
29.. 
It is evident from Table 2 that soft resin is present to the 
extent of 25-29^ in lac resin sjid its content is slightly higher in 
kustai, jalari and bhalia in comparison to palas and ber seedlacs. The 
yield of soft resin obtained by method 2 (alcohol ether precipitation) 
is similar to that from method 1(repeated ether extractions). 
Taking into consideration the fact^the seedlacs are from 
different hosts and strains of lac insects, the cheaical constants 
(Table 3) are in close agreement. The ester value suggests that some 
ester linkages are present, viaile the hydroatyl value Indicates the 
presence of one hydroxyl group in soft resin. The molecular freights by 
(63) 
end group analysts (taking soft resin as monobasic ) are in close 
(64) 
agreement with the corresponding Values determined Toy Rast method • 
(65) 
These varied vithin 500-560. The iodine value varies between 19-26 
and suggests that the resin contains some unsaturated constituents. The 
. (6) , (9) 
carbonyl values are higher in oases where acetone was used as 
the solvent. It might be due to the presence of dLlght traces of acetone 
retained in the soft resin, otherwise the values are in good agreement. 
It will be thus evident from the data collected that there 
is hardly any choice to be exercised amongst the four methods studied. 
However, as the resin may undergo some changes on prolonged heat treatment 
and from the point of view of easy manipulation, method - 2 ( i . e , preci-
pitation with ether from an alcohol solution) gppears to be the most 
suitable. 
experimsntal 
30.. 
BXPERBIEHTAI. 
Materials: 
Sticklac samples taken - Palas. kagiii. i a l ^ , ;b§£ & bhalis. 
Genuine sticklac samples were obtained and processed to 
seedlac by washing vith water only in our experimental factory. After 
drying, the samples were powdered to 80-100 mesh. 
Ordinary sand was digested with nitr ic acid and repeatedly 
washed vrith water to give a white sand. 
Fractionation of soft resin from different seedlacs. 
Powdered pala^ seedlac (4-0 g.) was thoroughly mixsd with 
120 g, of silver sand in a mortar. The mixed material was then trans-
ferred to a thimble and escfcracted thoroughly in a soxhlet apparatus 
with 300 ml, of solvent ether on a bulb heater (100 watt), The 
solid material from the thimble was taken out, cru^ed and re-
extracted with solvent ether (200 ml.) for 12 hrs. The process of 
crushing and extraction was r^eated twice more and in the fourth 
extraction, nothing cane out. The solution containing ether soluble 
portion was concentrated and the residual solution was dewaxed ly 
chilling i ts methanolic solution. Finally traces of solvent present 
were removed in vaccum. 
Similar procedure was adopted for separating soft resin from 
other seedlacs. The data is summarised in the following Table, 
31. 
Ssfft i^le Weight of seedlac 
taJcen in g. 
Weight of soft 
resin in g. 
% yield on 
seedlac 
Palas 4.0 9.0 22.5 
Kusmi 40 10,0 25,0 
Ber 40 10,0 25.0 
Jalari 40 9.0 22,5 
Bhalia 40 9.0 22,5 
Method 2. Precipitation of hard resin vith ether from 
Lui: 
50 g» of powdered palas seedlac was dissolved in alcohol 
(500 ml) at room temperature stirring for 8 hours and the solution 
l e f t to stand for 24- hours. The Impurities and the wax were f i l tered 
o f f and thoroughly washed with 78jS alcohol (3OO ml). The f i l t r a t e 
(BOO ml) Was concentrated to l/5th of i ts voliime in a rotatory fi lm 
evaporator at a temperature not exceeding 4-5°C, It was then cooled to 
room temperature and the alcoholic solution was poured into ten times 
i ts volume of ether (1600 ml). The insoluble residue was f i l tered o f f 
and triturated in a mortar with ether (3 x lOO ml) to extract the ether 
solubles. Removal of ether gave a soft mass which wks dissolved once 
more in alcohol and reprecipitated from ether. Ether was completely 
removed ajid the soft resin recovered. The soft resin from other 
types of seedlac (50 g.) was also obtained in a similar way. 
32.. 
Ve i ^ t of soft Palas Kuaai Ber Jalari Bhalia 
resto In g. 
11.0 11.0 12.0 10.0 13.0 
% yield on 22,0 22.0 24.0 20.0 26,0 
seedlac 
Method 3. 
CQmpl^ xes j'rom G^c^ tone golutlon 
50 g. of powdered palas seedlac was dissolved in acetone 
(4-00 ml) with slight warming. Urea (4 g.) was dissolved in water (5 ml) 
and diluted with acetone a l ) . The urea solution was slowly poured 
into the seedlac solution with thorough mixing axtA the mixed solution 
was refluxed on a water bath. After 20 minutes of refluxing, a Slight 
turbidity Was noticed which gradually became more pronounced. Finally 
a solid product started separating out in the form of a lump. The 
solution was refluxed continuously for twa hours. The solid mass Tiiich 
had precipitated out was filtered quickly in the hot condition* The 
fi ltrate was le ft at room temperature (30°G) for 36 hours, SoEie more 
solid product separated out. It was filtered and wa^ed thoroughly with 
acetone. The mother liquor along with washings was l e f t at 5» ®C for 36 
hours, A Very small effnount of solid s^arated. It was filtered and 
wa^ed thoroughly with acetone. The solvent was distilled off and the 
residue obtained was a dark coloured, soft sticky mass. Urea was then 
removed from the sticky pTOduct by repeated boiling with water. It was 
dewaxsd by chilling Its methanolic solution and the soft resin was 
recovered. The soft resin from other samples of seedlac was obtained in 
a similar manner. 
33. 
Palas Kustti Ber Jalari Bhalia 
Weight of 
soft resin 
in g. from 
50 g. 
seedlac. 11.0 12.0 10.5 10,5 11.5 
% yield on seedlac 22.0 24.0 21.0 21.0 23.0 
A solution of 50 g. pwwdered palas seedlac in pure dry 
acetone (500 ml) vas pr^ared by gently warning on a water bath, straining 
the solution through double fold mslin cloth in a hot water funnel 
and washing the residual impurities with hot acetone. The solution was 
made upto -400 ml and was kept at 30 + 1®G for 24 hours. The precipitated 
mass was s^aTated, washed with diy acetone and the f i ltrate was then 
maintained successively at 15®, 5® and -11®C and the separated fractions 
collected. The solvent was then distilled of f , A soft Bticky fraction 
V was obtained. It was dissolved in a small quantity ( l5l ) of diy 
acetone in the cold and the solution was poured into 10 times its volume 
of ether. Insolubles were separated out, the rest being retained in the 
ether. The soft resin was recovered from the ether solution. The 
Sdme method Was applied to other ssmplss of seedlac (50 g.) 
34. 
Palas Kusni Ber Jalari Bhalia 
Wel^t of gaffc 
resia in g. 12.5 11.8 11.5 10.0 11,5 
% of yield on seedlac. 25.0 23.6 23.0 20.0 23.0 
(65) 
Chemical constants sach as acid value , seponification 
(65) (65) (65) 
value , hydro3!yl value , ixjdine value vere all deteim^ed 
using standard methods given in "Hand book of Celiac analysis" 
Egt^r vg^M. 
The ester value is the difference between the s^onification 
and add values of the ssPiple. 
bo 1 al 
It has been determined by adoptJaag the procedure of 
(9) 
Tripathi and Sengupta 
Molecular weight 
The molecular weights of soft resin were determined 
(63) 
(1) by end group analysis (soft resin as monobasic), and 
(64) 
(2) Rast* s method 
All the above values have been given in Table 3. 
GHj^ PTER - I I I 
OOl^ 'ONMT ACm5 OF HYDROLYSED. SOFT RESIN 
35.. 
Introdaction 
In the present chs^jter, the constituent acids obtained 
from soft resin have been Identif ied and quantitatively detsrEainsd 
as far as possible. This would help in unYavelling the structure 
of the lac molecule ultimately. 
Past wark 
Soft resin, the ether soluble portion from seedlac, was 
(2) 
f i r s t studied by Tschirch and Famer . As they could not isolate 
any solid constituent from i t , they considered i t to be made up of 
« (10) 
only a misrture of higher fa t ty acids. Later, Tschirch and Ludy 
succeeded in isolating two constituent adds in crystall ine form 
from i ts hydrolysate. Sboni f icat ion was carried out by heating 
with alkali at water bath temperature for several hours. After 
neutralisation, the soluble and insoluble calcium salts were prepared, 
The soluble calcium salt, on decomposition, gave a soft mass from 
which aleuritic acid was separated as i t s insoluble potassium salt . 
The insoluble calcium salt, on decomposition, gave an acidic mass, 
m.p. 57®0, viiich was a mixture of mono-and dihydroxypalmitic acids. 
I t was resolved into several lead salt fractions by fractional 
precipitation with lead acetate. One of these fractions afforded an 
acid, m.p. 76.5-77®C, \4iose analysis agreed well for a monohydrosy-
palmitic acid, The position of the hydroxyl group was 
not^however, established. 
36. 
Tschlrch and co-'workers believed that soft resin is a mixture 
of esters (or lactides) of various hydro xy-p aim it ic acids, mostly 
mono-and trihydroxy» 
(11) 
Gupta , on the other hand, failed to isolate these hydroxy 
palmitic acids from dewaxed soft reslJi "but claimed to have serparated 
palmitic, myristic and an tmsatiirated monohydroxy liquid acid of 
the formula i^/rH-o (OH) GOOH, The position of hydroxyl group end 
double bond were not established, Weinberger and Gardner also 
studied the ether soluble fractions, KIQ and KIB) ( see Gh^ter I I , 
page 22). Fraction KIQ was found to contain of i ts we i^ t of 
dye, 15% of aleuritic acid, 15% of lacolic lactone and 15% of a new 
isomer of alearitic acid, m.p. 89-90®G, Fraction KIIQ vas found to 
consist of about 55% of i t s veight of colouring matter, 7.5% of 
aleuritic acid, 10^ of lacolic lactone and 1% of another acid -which vas 
» 
a viscous yellov liquid, 
(52) 
BhowmiJc & Sen could not separate any of the adds mentioned 
above by adopting the usual methods of saponification. Prom the 
analytical data, they, however, proposed the following tentative 
structure for the resin. 
CH - (GHg)^ OH - COOH 
0 
I 
GH - (GH2)y^CH(0H) - GO 
^ere (X+I) = 25 
37. 
(36) 
Bhattacharya and Bose separated the acids of the hydro-
lysed product of sof§ resin by employing ether as the solvent. The 
ether insoluble fraction yielded aleuritic acid, m,p, 94-95®C> a 
granular acid, m.p, 125®G and a crystalline acid, m.p. 134-135®0, 
The last tw acids were not identified. Fractionation of methyl 
esters of the total acids of soft resin by distillation under vacuum 
indicated the presence of mono-and di-hydroxy palmitic esters. 
(53) 
The •work was continued by Bose and Sengupta • They prepared the 
metallic salts of constituent acids from hydrolysed soft resijn.. 
The pink sodium aleuritate gave optically Jiiactive alairitic add, 
m.p. 100-100,5®C and the pink zinc salt yielded butolic acid, m.p. 
54--55®G, a granular acid, m.p. 148-149°C and a liquid acid ^iiich 
constituted the major fraction. They also isolated an acid of m.p. 
(54) 
225°0. later Sengupta could isolate an aldehydic ( jalaric) 
acid, in addition to an isomer of aleuritic acid, m.p. 96-97®0 and 
butolic acid from hydrolysed soft resin. The work revealed that 
about 2056 of the constituent acids were water soluble, consisting 
mainly of jalaric acid. 
(62) (77) 
Recently (1965) Khurana and Singh studied the 
constitution of soft resin prepared from pglas seedlac. Khurana 
could account for only 4-3/6 of constituent acids in hydrolysed soft 
resin lAtich were as follows: 
38.. 
1, Palmitic acid 
2, Myristic acid 
3, Aleuritic acid 
Urn Butolic acid 
5. Shellolic acid 
^piShellolic acid 
Jalaric acid 
Laksholic acid 
SBjiak^olic acid 
6, Unknowns 
-
- 156 
- 3% 
-
- 3056 
balance. 
A.ccordin.g to him aleiiritio acid Vas only a mitior constituent of 
(77) 
soft resin, the prepondersait acids being of teipenic nature. Singh , 
on the other hand, believed that the percentage of teipenic acids 
i s very small in con^jarison to s t ra i^ t chain fatty acids (comprising 
^16 ^ trace amounts of C^^ & G^g) of these acids being 
the major ones. According to hi®,the soft resin-r. is composed of a 
large stmoimt of butolic acid, 10-12^ of alearitic acid and minor 
amounts of other acids. 
Object of the present •work 
I t is evident from the above that thorigh ^stematic wark 
on the constitution of soft resin has been attesiqjted, the results 
are contradictory and the studied have not been carried out to 
their logical conclusion. 
39.. 
A number of acids have been claimed to have been isolated 
by different workers, but essept a fs'^, most of them have not been 
fa l ly characterised. The fu l l quantitative composition has also 
not been determined. The present systematic investigations have 
been undertaken in order to isolate quantitatively the various 
component acids from soft resin and identifying them. This wuld 
then throw light on the constitution of the soft resin fraction and 
ultimately on that of the lac molecule as a Tfiiole, 
Ezsss i t - sark , , 
(62) (77), 
Previous investigators, excluding Khurana and Singh , 
had based their approach to the problem on the fractional crystallisation 
of Various metallic salts - a technique viiich is laborious and gives 
poor separation. At present various chromatogrsphic methods are 
available which have become iicportant tools in the elucidation of 
the constitution of various complex natural organic compounds. The 
technique of adsorption cbiromatogrfplQr has already been utilised for (62)(78) 
the isolation of various constituent acids of lac resin , 
Thin layer (TLC) and gas-liquid chromatography (GLC) have also been 
utilised for monitoring the fractionation procedure and identifi-
cation of the pure component acids. Enuring the present investigation, 
TLG technique was found to be very helpful for the rcpid monitoring 
of fractions obtained from chromatogr^hic columns. 
uo. 
In the present study, the soft resiai, free of wax and 
dmpurities, was prepared from pal as seedlac by method 2 described 
in Ch^ter I I , It was saponified and the recovered free acids 
were converted into methyl esters by treating vith methanolic 
hydrogen chloride. The fractionation of the methyl esters was 
carried out according to the scheme as represented in Fig. I, 
I 
A-1.1 
Saturated 
nonhydroay 
ester 
Fig. 1. gchm^» 
Methyl esters of hydrolysed soft resin. 
U rea-fract ionat ion 
I 
Adduct (A) Non-^duct (B) 
Acetylated and 
urea- f r act ionat ion 
r i 
Adduct (A-1) 
Column chromatogrsphy on 
silica gel inpregnated with 
silver nitrate. 
T I I I 
A-1.2 A-1,3 A-1,A A-1,5 
Mixture (o-hydroxy <o-hydroxy Acid m.p. 
of three palmitate palmitoleate 83-84®G 
canponents 
Re^romatography 
Non-adduct (A-2) 
Hydrolysis 
1 r 
Residual acids 
F-2 ( soft mass) 
F-1 
Isomeric 
aleuritic 
acid m,p. 
'Ssterification 93-94®G, 
Methylesters(F-2) 
Unsaturated 
nonhydrojgr 
ester 
1 2 
6^eto 6-Keto 
tetradecanoate tetradecanoate 
Silica gel 
3_ 
Mixture of polar 
components, not 
resolved. 
•Ctont.d. 
B-3 BZI B-5 
Non-addnct (B) 
Column chrcmeitography on Neatral alumina 
1 
B ^ 
Urea- Dimethyl 
fractionation ^ellolate & 
^ l ^ e l l o l ate 
C-1 C-2 
Ad duct Non-adduct 
b:6 
Methyl 
aleuritate 
T B-8 
Teipenic esters 
^ dimethyl shellolate V UJUU 
dimethyl .ggishellolate 
methyl laJcsholatejmethyl 
jgEJlaksholate) 
r 
Fractionation 
Non-hydroxy 
esters 
1 
Methyl 
6-hydro2!y 
tetradecanoate 
Goltmin chromatogrgphy on silica gel. 
Fr.D. 
I 
D-1 
6-keto 
tetradecanoate 
Silica gel 
Terpenic esters-
(dijjiethyl ^ellolate,epidxellolate, 
dimethyl .'.acetal methyl jalarate) 
I 
i 
B-2.1 
6-hydroxy 
myristate 
IT 
D-2.2 
Acetyl at ion 
5: chromatography 
on silica gel 
J >1 
J 
1. 
10,l6-dihydroxy 
palmitate 
D-2.3 
Methyl Terpenic 
laksholate esters 
Silica gel impregnated with 
silver nitrate. 
1 
D-5 
Terpenic 
esters 
D-6 
Terpenic esters 
I 
Mixture 
3. 
Highly polar 
components 
1. 
6-hydroxy 
myristate 
I 
2. 
9,lO-dihydro2{y 
myristate 
T 
i i 
Acetyl at ion and 
chromatogrsphy on 
silica gel 
T 
9,10-dihydrosy 
myristate with 
traces of 
methyl aleuritate 
5. 
Terpenic 
esters. 
42. 
Thin layer chromatography of lac acid_methyl._agt5XS» 
Since the main advantages of thin layer chromatography over 
paper chromatography are excellent ^arpness of separation, high 
sensitivity and i^ort time necessary to obtain a complete chromatogram, 
this technique has been utilised mainly during the present investigation. 
The methyl esters of lac acids which were available at this time 
in pure form along with dihydrojty stearate, were talcen for TLG study, 
Slmultattaafusly, acetylated esters of the authentic compounds were 
also analysed on plates of s i l ic ic add inpregnated with silver nitrate^ 
The R^  values of these esters in four different solvent systems are given 
in Table I . 
Table I , l^ln layer chromatogra,phy of individual 
methyl and acetylated esters of lao acids. 
Esters, R^ values in different solvent ^sterns. 
A B C 
1. Methyl palmitate 0.90 0,82 0,65 
2. Methyl 6-keto myristate • 0,78 0,62 
3. Methyl palmitoleate • _ 0,46 
Methyl 12-hydro2{y stearate 0,65 0,86 0,71 
5, Methyl 6-hydro2!y myristate 0,65 0.86 0.71 _ 
6. Methyl 6-acetoxy myristate m » 0,42 
7. Methyl u)-hydro3?y palmitate 0,45 m 0,54 _ 
8. Methyl uj-acetojsy palmitate Ml 0,33 
9. Methyl w-acetoxy palmitoleate •• 0,25 
10, Methyl 9,l0-dihydro2y stearate 0,26 0.74 0,51 
11, Methyl 9,10-diacetoxy stearate — _ m 0,28 
12. Methyl aleuritate 0,03 0.33 0.29 
13. Methyl acetojiy aleuritate • 0,13 
14. Oi-methyl shellolate 0,11 0,53 0,47 
15, Di-methyl jgQishellolate > 0.45 0,32 m 
l6,Di-Methyl -f-'-acetal methyl jalarate m 0,35 0,28 
17. Methyl lak^olate m 0.029 0,25 
18. Methyl sellaJs^sholate > 0.Q22 0,22 • 
3. 
A'= pet.ether (40-60) : ether : methanol = 4-8 S 50 : 2 (v/v)J 
B = benzene : ethyl acetate : acetone = 7 : 4 s 4 (v/v); 
C = trlchloroethylene : chloroform : methanol =» 15 : 6 s 3 (v/v); 
D = pet. ether : ether = 80 : 20 (v/v). 
Urea fractionation 
(79) 
The urea-adductation technique i s universally adopted 
at present for bhe fractionation of fa t ty acids. As i t has been 
(11) 
r^orted by the previous investigators that soft resin is 
composed of saturated and unsaturated non-hydroxy and mono-hydroxy 
acids in addition to other polar acids, i t vas considered 
desirable to have a preliminaiy fractionation of the methyl esters 
•of soft resin acids. Hence the mixed esters were separated into 
adducted (A, 9.5^ and non-adducted esters (B, 89.5^ by 
urea-ccsnplex formation, 
TLC examination of fractions A and B, 
TLC examination of the fractions in the solvent ^stem A 
against standards, indicated that non-hydroxy, to-hydroxy, keto and 
other less polar esters get concentrated in the adducted fraction A 
while polar esters in the non-adducted fraction B, 
Fractionation of A (9.556) 
Since to-acetoxy esters are well s^arated by urea-ad due-
(80) 
tat ion, the fraction A vas acetylated aJid subjected to urea 
refractionation to give adducted A-1 and nonadducted A-2 esters vhich 
(81) 
were exeimined on TLC plates lit?)regnated with silver nitrate. 
A-1 Was shown to be a mixture of saturated and unsaturatea non-acetoxy 
and ffl-acetoxy esters while A-2 showed the presence of three esters of 
which two were su^ected to be due to keto and triacetoxy esters. 
Qhroms t^ography of fraction A-1. 
The saturated and unsaturated acetoxy and nonacetoxy 
esters from A-1 were separated on a column of si l ica gel impregnated 
(82) 
with silver nitrate according to the method of deVries and 
f i v e fractions were collected (vide Fig. 2). The fraction A-1,1 
oolltaiiied the nomal saturated esters which were identified by gas-
liquid chromatography as a mixture of C^ ,^ C^^ and C^g esters (Fig. 3). 
Similarly the unsaturated esters obtained from fraction A-1.2 were 
found to be a mixture of C^ ,^ C^^  and G^ ^^  esters. 
cu>'Hydroxy esters 
(a ) Saturated 
The hydroxy acid derived from fraction 3 v^ as shown to be 
16-hydroxyhexadecanoic acid on the following evidences; 
( 8 4 ) 
i ) The ester was subjected to iodination-deiodination to 
yield the parent ester. The chain length determination 
showed that the ester was largely G^^  in i ts ch3x>matogr^hic 
behaviour over (2IG, 


7. 
(85) 
i i ) Oxidation of the acid gave hexadecanedioic acid 
vhich was adequately characterised by the chromatographic 
behaviour and i ts melting point vith authentic gsnple. 
The melting point was undepressed V the authentic S£ii5)le 
(86) 
of 1, l6-hexadecanedioic acid (m.p. 118-119®G). 
i i i ) Satisfactory analysis Was obtained for the C^ ^ acid and 
i t s methyl ester. The melting point of the saturated 
acid (m.p. 89-90®G) was und^ressed vfaen mixed with an (87) 
aiuthentic smple of l6-hydroxypalmitic acid (m.p. 89-9CPG). 
The acid value (200.7), hydrojcyl value (194) and acid 
equivalent (279) were in close agreement. The acid 
analysed for ^he infrared ^ectrum (Fig. 4-) 
of i t s methyl ester also confirmed the purity of the sample, 
which showed the presence of hydroxyl peak at 3»05V-
and 9.551^  (primary hydraxyl), ester carbonyl at 5.82|J' 
and a chain of four or more methylene groups at 13.801 ,^ 
The absence of a band for secondary hydroxyl group at 
9.13F clearly indicated that the acid has the following 
structure : 
HOGH^ . OOOH 

49.. 
(b) UngfliurstsS 
The liquid unsaturated hydroxy acid, isolated from 
fraction 4- was shovm to be l6-hydroxy ci_s-9-hexa-deeenoic acid 
on the folloving evidences : 
( i ) Hy4ivgenatiop 
The unsaturated acetoxy ester after hydro gen at ion, 
ran very close to the saturated lo-acetoxy h^xadecanoate 
on TLG plate impregnated with si lver nitrate. 
( i i ) The unsaturated acid was oxidised by the method of von 
(88) 
Rudloff end the two fra^nents, Gr^and CQ-dibasic 
^ ^(89) 
adds were isolated and characterised ty TLG , These 
tvjo acids may be obtained by oxidation from either 9:10 
or 7s8 unsaturated acid, as shoT.!n below : 
HO.OH2 ( O H ^ ) ^ . G H = G H ( G H ^ ^ . GOOH, 
or 
HD-GH^ - - GH = GH - ( G H ^ ^ - GOOH 
KI04., KMnD4 
HOOG - ( G H ^ ^ - GOOH + HOOG - ( G H G ) ^ - GOOH. 
C^-dibasic acid. G^-dibasic acid 
( i i i ) The (c-acetoxy derivative of the unsaturated acid was 
(88) 
next subjected to von Rudloff oxidation , The lo-acetoxy 
50.. 
CY-acid and the C^-dibasic acid vere isolated separately. 
The co-acetoxy 0^-acid vas hydrolysed and further oxidised 
to the C„ dicarhoxylic acid. The acids vere characterised 
(89) 
by TLCJ , This conclusively proved that the double bond 
was at 9! 10 position. 
AC 0 GH^  - - = ^^ - " 
KJO^, KMriD^  
AGO - (GH^^ - 200H + HDOG - " 
tt>-aceto2y Qj-acid, C^-dibasic acid. 
The liquid acid analysed for C^ ^ H^ Q sjid the infrared 
spectrum of i ts ester did not show a prominent peak at 
corregjonding to a trans double bond indicating 
that i ts configuration is cis. 
(10) (11) 
A saturated and an unsaturated monohydroxy 
acid was reported from soft resin but in neither case 
was a strttcture aiggested. 
Fraction 5 was found to be a mixture of components and 
an acid, m.p, 83-84®Q, was isolated but could not be 
studied in detail due to meagre yield of the material. 
51.. 
Chromatography of ponadducted esters - Fr. A-2« 
TLO results shoved i t to consist of three compounds. The 
esters were hydrolysed and the recovered solid hydixijiy acid was shown 
to be an isomer of aleuritic acid, m.p. 93-94.®G , The following 
evidences proved i t to be threo-9. 10, l6-trihydroxypalmitic acid. 
(84) 
i ) lodination - deiodination of the hydrojsy ester 
gave m ester indistinguishable in i ts chromatogrsphic 
behaviour from methyl palmitate. 
i i ) The hydroxy ester was treated with acetone and anhydrous (27) 
copper sulphate to form the isopropylidene derivative. 
TLG examination of the product indicated that reaction 
had occurred which showed that the two hydroxyl gi^ups 
were attached to adjacent carbon atoms, 
i i i ) When the ester was examined on normal TLG plates and (81) 
on plates gsrayed with boric acid , i t ran beside 
methyl thrgg-aleuritate, (88) iv) The acid was oxidised with permanganate and periodate , 
the tvro fragments and C^-dibasic acids were isolated aiid 
identified by TLG , These tvo acids may be obtained "by 
oxidation from either 9 J 10 or 7 : 8 vicinal hydroxy 
acid, as shown below i 
52.. 
OH 
(CH2)^. GH. GH. (GHJ„. GOOH 
< I 
OH 
or OH 
I 
HD.CH^ GH. CM. (GH^)^. COOH 
I 
OH 
KIO, + KMnO 4 4 
HOOG (CH^) . COOH + HDOG (GHg)^. GOOH 
v) The acid Was oxidised vith periodate only to give a* 
SQuiald^yde and a neutral hydroxy aldehyde vhich on 
further oxidition gave Cry-and Go-dibasic acids •vdiich were 
(89) ^ ^ 
identified by TLG 
OH 
I 
HO. GH^CCH )^^ . GH. GH. (QH^)^. GOOH 
OH 
KHD^  
HD, GH2 GHO + OHO (CH )^ , GOOH 
KMnO/ 
HOOG (CH^) . GOOH 
KMnO, 
HOOC.CCH )^^ . GOOH 
This confirmed that the original acid had vicinal hydroxyl groups at 
9 : 10 positions. 
53.. 
v i ) Satisfactory aJialysis^obtained for the G^^-tri-^ydroxy acid 
and i ts methyl ester. The melting point of the acid was 
undepressed when mixed with an authentic sample of isomer 
of aletiritic acid (m.p. 93-94.®C). The R^ values of the 
methyl and acetoxy methyl esters of this acid were Identical 
with the corre^onding values of authentic derivatives of 
aleuritic acid. 
Ghromatogr^ ^nhy of residual acids - Fr. F-2. 
The residual acids, l e f t after separation of the isomer of 
aleuritic acid,were converted into methyl esters. These esters were 
chTOmatographed on sil ica gel, combining corresponding fractions, to 
give f i v e fractions. Fractions 1 and 2 were shown to consist largely 
of 6-ketotetradecanoic acid. The remaining fractions were found 
to be complex viiich were too polar for GLG and were not eluted. 
Hence thqy could not be further studied in detail. 
Fractions 1 and 2 consisted largely of a single acid. 
On again submitting the sample to chromatogrgphy a pure sample was 
obtained. I t was possible to identify this sample as S-ketotetradecanoic 
acid in the following manner : 
i ) A major "hump" on the ester peak in the infrared gjectrum 
(Fig. 5) was evident, suggesting that a carbonyl group was 
present. The infrared spectrum of i ts methyl ester confimed 
54.. 
IPMICRONS) 
4 0 0 0 3000 '2000 
Figx- i " i T i f s p e c t r u m of 
the purity of the ssmple scid showed absorption bands for 
ester carbonyl at 5.75 and ketone carbonyl at 5.70|J'. 
The peaks for hydroxyl group were absent, 
i i ) Its behaviour on TLC was identical to that one of authentic 
methyl 6-ketotetradecanoate, 
i i i ) Sodium borohydride reduction gave a hydroxy ester -viiich 
was identical with 6-hydro3{ytetradecanoate« 
(84) 
iv) CJhain length determination on the hydroxy ester gave 
an ester indistinguishable in its chromatographic behaviour 
to methyl tetradecanoate. 
v) The oximes of the ketoester were prepared and subjected (90) 
to Becknann rearrangement followed by hydrolysis of 
amides. One of the products, the dibasic acid (adipic) 
(89) 
was identified by TLC 
(95) 
vi) Samples of the acid and its semicarbazone were prepared 
viiich gave satisfactory melting points (69-70® and 129-130®G), 
(83) 
alone and when mixed with the authentic ssjaples 
(m.p, 69-70" and 129-130°G). The structure of the ketoacid 
is, therefore J 
CH^ - (CHG) - C - (GHG )^ - GOOH 
This acid has been isolated for the first time from soft 
resin in lac. 
56.. 
Chromatography of the oriiginal nonadducted esters 
The esters consisted of a mixture of non-jmono-,di- ar^ d 
tri-hydroxy aliphatic and other terpenic esters. S i l i c i c acid is 
(91) (92) 
usually favoured as an adsorbent in l ip id research as there 
(93) 
are fev/er side reactions than with alimina . But as the 
larger part ic le size of alumina allows faster floxj rates, larger 
quantities can "be handled sat is factor i ly . Hence in this work, 
neutral alumina was used for the in i t i a l crude large scale separation 
and s i l i c i c acid for xjiltitnate separation. 
Accordingly B was chromatographed in two batches on (94) 
neutral alumina and the corresponding fractions were combined 
to give nine fractions, (B-1, B-2 B-9), ILG examination 
revealed that the fractions were obtained in the order of increasing 
polar i ty, and that fractions B-1 and B-2 were similar, 
B-1 and B-2 together acco-unted for nearly of B and 
TLG ex^ination showed the presence of nonhydroj^r (trace) and 
monohydroxy components in these in addition to other polar components. 
These were mixed and fractionated with urea to give the adducted 
ester (C- l ) -vfoich was shown to be almost pure monohydroxy ester with 
traces of a non-hydroxy component. The nonhydroxy component was removed 
57.. 
axid the pure methyl hydrojjy ester was shovn to be derived from 
6-hydro3!ytetradecaJioic acid on the following evidences; 
(78) 
i) The hydroxy acid (m.p. 57=57,5'*C) and the corresponding 
(78) (95) 
keto acid (m,p, 69-70^0) did not shox^  any depression 
liien mixed with the authentic ssmples of 6-hydro25y--and 
6-keto-tetradecanoic acids. The sanicarbazone of the 
keto acid gave satisfactory melting point (129-130°C) 
and was not depressed viaen mixed with an authentic sample 
(m.p.129-130°G). (84) 
ii ) lodination-deiodination ox the methyl ester gave a 
product indistinguishable in its chromatographic behaviour 
to methyl tetradecanoate. 
i i i ) The l^ rdroxy ester was oxidised to a keto acid, the oximes 
(90) 
of which were submitted to Beckmahn rearrangement and 
then hydrolysed. One of the products, a dibasic acid (adipic), 
(89) 
was recognised by its chromatographic behaviour on TLC 
iv) Infra-red ^ectrum of the hydroxy ester confirmed the 
purity of the sample as well as showed the presence of i:cr-
droxyl peak at 3*051^  and 9«13(^  (secondary hydroxyl group), 
ester carbonyl at 5.75F and a chain of four or more 
methylene groups at 13«80|i, 
v) The TLC behaviour of the ester was similar to 6-hydroxy 
tetradecpoate (H^ = 0.65, solvent systsn A), 
58.. 
in S"; 
TLC exsffnination revealed that both the fractions consist 
mainly of teipenic esters with traces of methyl aleuritate. The 
teipenic esters were isolated in the pure state by rechroinatogrsphy 
on sUica gel and were identified as dimethyl shellolate and .g^ishellolate, 
gpd B^ z^ 
TLG examination showed these fractions to be composed 
largely of methyl aleuritate. The piire ester had the same R^ value 
as that of methyl aleuritate. The melting points of the ester and the 
(5) 
acid were und^ressed viien mixed with authentic methyl aleuritate , 
(m.p. 70.5 - 71®G) and aleuritic acid , (m.p. 1CD-101°C) respejitlvely. 
The acid value, hydroxyl value and acid equivalent also confirmed that 
the compound was aleuritic acid. The structure of itC9,lO,l6-trihydroxy (12) 
palmitic acid) had already been established , 
Fractions B-8 and B-9 
These tvio fractions, examined by TLG, were diown to be 
h i ^ l y polar compounds and indicated the presence of tel^penic esters 
mainly dimethyl shellolate,»^.gEi^ellolate, methyl lalcsholate and 
.Sailak^olate. The R^ values of these esters were compared with 
authentic esters and found to be identical. The structure of these 
(62) 
terpenic aoids had already been established. 
59.. 
Qhromatography of non-addiicted esters (Fr.G-Z) 
The remaintog non-adducted esters Fr.0-2, obtained by 
•urea adductation of Fr.B-1 and B-2 were chromatographed on sil ica 
gel, and seven fractions collected (C-2.1, C-2,2, G-2.7). 
Fractions 1 and 2 were found to be identical on TLG showing 
mijrture of components in -viiich the presence of keto, monohydroxy, 
dihydroxy and teipenic asters were su^ected. Both were combined and 
called as D, The remaining fractions C-2,3 to C-2,7 were found to be 
composed of terpenic esters (dimethyl shellolate, epishellolatef 
dimethyl acetal metlyl jalarate). The Rj values of these esters 
(0,53, 0,4-5 and 0,35, solvent syston B) were found to be identical 
with those of authentic s^ples, 
pny ox^  -Ua 
As this fractionj.wjts found to contaiJi a mixture of 
components, i t was fractionated on si l ica gel and six fractions were 
collected (D-1, D-2 D-6), Fraction D-1 was shown to be 
6-keto ester (R^ = 0.62, solvent system D) while fraction D-2 was 
a complex mixture. D-2 after acetylation was fractionated into f i v e 
fractions (D-2.1, D-2,2 D-2,5) over si l ica gel. D-2.1 
was a mixture of three components while IS-2.2 corresponded to acetoxy 
butolate. D-2,3 indicated the presence of dimethyl acetal methyl 
(62) 
jalarate and lalcsholic ester. The melting point of laJcsholic acid 
(m.p, 181-183°G) was undepressed ^feto mixed with an swthentic sample 
of laksholic acid (m.p, 181-183°G). Q-2.4. was a complex mixture and 
60.. 
was not studied further in detail. D-2.5 indicated the presence of 
n^iS^y dimethyl shellolate, epishellolflte,, dimethyl acetal methyl 
j alar ate. 
QhromatograPhy of Fr. D-2.1. 
This fraction vas shown to be a mixtiore of three components. 
I t Was then chromatographed on silica gel and three fractions were 
obtained. The first fraction afforded an acid liibich was identified 
as butolic acid. The polarity of the second fraction was similar to 
diacetoxy ester and the third fraction was highly polar. 
The second fraction was then rechromatogrsphed on sil ica 
gel iirpregnated with silver nitrate according to the method of deVries 
and three fractions were obtained. The f i r s t fraction had a polarity 
in between vicinal diacetoxy ester and triacetoxy aleuritate. I t was 
su^ected that one hydroxyl is printary and the other was secondary in 
this dihydroxy ester. The other two fractions were mixtures and were 
not studied further in detail. 
lexadecqnoic ac: 
The diacetoxy ester was purified by repeated chromatogr^hy 
and the liberated acid after recrystallisation melted at 76-77°0C l i t . 
(85) (96) 
m.p, 75-76®0) . The acid aid hydroxyl values and equivalent 
weight of the acid were found to be 192, 370.3 and 292.2 respectively. 
The structure of this acid as 10, 16-dihydroxyhexadecanoic was proved 
in the following way : 
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( i ) I t s carbon skeleton was establidied by iodination-deiodi-
(84) 
nation to parent compound (palmitic acid), 
( i i ) Oxidation -with chroiaic oxide hi acetone gave a keto 
dicarboxylic acid, m.p. 113-113.5°G ( l i t , OxDthgpsic acid, 
(97) 
m.p, 112.5-113.5®C) and therefore, one of the hydroxyl 
group must be attached to C . . 1o 
( i i i ) To determine the position of the secondary hydroxylgroup, 
(85) 
oxidised with chromic oxide in acetic acid for 
24 hours. In the oxidised products the presence of adipic, 
pimelic, azelaic and sebacic acids were indicated by TLG 
(89) 
examination . 
I f 10, l6 or 7, l6-dihydroxy add is oxidised then adipic, 
pimelic, azelaic and sebacic acids would be obtained as 
oxidation products. In the present case a l l the atove 
four acids were obtained as mentioned earl ier . Hence 
the hydroxyl group may be either at or C^q, The exact 
position Can only be proved by the oxidation of the methyl 
ester, as 7, l6-dihydroxy ester w i l l afford half esters 
of adipic and pimelic acids l i i i l e 10, l6-dihydroxy ester 
of azelaic and sebacic acids. In the oxidation of dihydroxy 
ester, adipic and pimelic acids were obtained to free condition 
vJiile azelaic and sebacic acids in the f om of half esters. 
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(a ) 
Thus the position of the secondary hydroxyl group at 
C^ Q was establifiled. 
HOOG - (GHj^ - GO - (CH2)g - QOOH (Oxothspsic acid) 
acetone, CiO ,^ 
HO - GH - COOH 
2 - - f " h ' w ^ ' B 
GrO ,^ Acetic acid 
HOOG - " * " (GH2)8 - GOOH, 
HOOG COOH 
(b) H O - GH^  - (GH - GH - tCHp)„ - GOOGH^  
^ 2 > j 3 
OH 
GrO ,^ Acetic acid 
HOOG - (GH2)4. - GOOH + HOOG - (Gl^g - OOOGH^  
HOOG - (21^ 2)5 " " (<^^2)7 - COOGH^  
( i v ) The infrared ^ectrum of the acid (KBr disc) did not' 
diow any distinct GH^  band at 7.28(J- and the presence of 
an tt^hydroxyl group was suspected. 
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(v ) Samples of the hydroxy add and i ts methyl ester vere 
obtained which gave satisfactory analysis. The melting points 
of the methyl ester^ 67.5-68®Q, and of the acid, 76-77°0 
were similar to that r^orted for the 10, l6-dihydroxy 
hexadecanoate and 10, l6-dihydroxy hexadecanoic acid 
(85),(96) 
isolated from plant cuticles . 
(78) 
Christie also su^ected the presence of a 
mid, u)-dihydroxy G acid in shellac but could not isolate 14-
it for characterisation. 
Chromatography of Fr. D-3 and D-4-. 
These two fractions, examined by TLG, ijadicated the 
presence of aliphatic dihydroxy ester with traces of aleuritate 
and shellolate. It was acetylated and chromatographed on si l ica 
gel and f ive fractions were collected. The f i r s t fraction was 
shown to be acetoxy butolate lAiile the second fraction was a 
mixture of dihydro^gr ester and diel lol ic e^er . The third and 
fourth fractions were mixtures of aliphatic dihydroxy and t r i -
hydroxy (trace) esters l i i i le the f i f t h fraction was mainly terpenic 
esters. Deacetylation of the second fraction gaVe a pure sspiple 
of dihydroxy ester (R^ = 0.74, solvent system B) for structure 
deteitnination. This dihydroxy ester was shown to be derived 
from threo-9. 10-diJiydroxytetradeca»oic acid on the following 
evidences: 
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(84) 
( i ) lodination - deiodination of the hydroxy ester gave 
a product indistinguishable iii i ts ehxvmaiogr^hic behaviour 
from methyl tetradecaJioate. 
( i i ) Preliminary oxidation of the hydroxy ester vjith chromic 
(85) 
oxide in acetone and sulphuric acid indicated the 
presence of a glycol groip and, in fact, the ester formed 
(27) 
an isopropylidene derivative • 
(88) 
( i i i ) The hvdroxy acid was subjected to von Rudloff oxidation , 
(89) 
The major product, azelaic acid VJas recognised by TLG . 
The other product, presumably pentaJioic acid, could not 
be isolated in sufficient amount for i t s identification 
as i t was lost in working up the reaction mixture due to 
i ts vo lat i l i ty . 
( iv) When the hydroxy ester along with methyl •Ghreo"9y lOrdihydroxy 
octadecanoate as standard was chromatographed on a TK) plate (81) 
impregnated with boric acid , the two ran very close together. 
This wuld suggest that i t also is threo in configuration, 
(v) Samples of the hydroxy acid and i ts methyl ester gave 
satisfactory analysis. The melting points of these were 
undepressed when mixed with authentic samples of 9,10-dihydroxy 
(98) 
tetradecanoic acid (m,p. 78-79®G} and i ts ester (m.p. 58-60®G), 
r e j e c t ively. 
This acid has not been reporte<i from any other natural 
(78) (98) 
source other than shellac though i t has been synthesised 
This add having the following structure has been isolated for the f i r s t 
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tiane' from soft resin J 
OH 
OH 3 - (G fy^ - CH - CH - (GHJ,, -
OH 
GOOH 
Ghroroatography of Fr.Dy3«5, Fr.p.5 aM_D-.6 
TLC results revealed that these three fractions were 
shown to the mainly mixtures of methyl diacetal methyl jalarate, 
dimethyl shellolate;^jEishellolate, methyl laksholate and e^ilaJcsholate. 
The R^ Values were foimd to be identical with those for authentic 
compounds. 
Table 2 gives an ^proximate composition of soft resin 
as computed from the above results (vide ej^erimental). 
Table 2, Approxtoiate composition of soft resin 
1. Saturated and unsaturated nonhydroxy acids 1.35S 
2. l6-Hydroxy palmitic acid 2.0^ 
3. l6-Hydro5<y palmitoleic acid 1.0^ 
A. Acid m.p, 83-84®C 0.25^ 
5. 6-Keto myristic acid 2,5% 
6. Isomeric aleuritic acid 1.3^ 
7. Butolzc acid 9,3% 
8. Aleuritic acid 
9. thr§o-9,lO-Dihydroxy myristic acid lO.OJg 
10. 10, l6-Dihydroxy palmitic acid 1,5$ 
11. Terpenic acids 
Shellolic 
epidiel lol ic 
Jalaric 
Lakdtiolic 
epilaJcsholic 
5.3^ 
36.05^  
1 2 . Vnknom Balance 
EXPERBCTTaL 
,66. 
EXPERIMENTAL 
Materials for column adsoiption chromatograply 
( i ) Ngitral alvmina : 
I t was prepared by ^aicing alumina C®. Merck), 1 kg, , 
vith ethyl acetate (2 1.) for t w days. The alumina 
was f i l tered o f f , wad ied with boiling water (5 1 . ) heated 
at 250°C for tvjo days and allowed to cool in a desiccator, 
( i i ) Silica gel : 
Silica gel for chromatographic adsorption (B.D.H.) was used. 
I t was f inely povjdered in different meshes as required in 
the experiments. 
loM (S2) 
( i i i ) Sil ica gel impreggiated silver nitrate 
silver nitrate (A.R.) (33 g. ) was dissolved in dist i l led 
water (lOO ml.) and powdered sil ica gel (B.D.H.j 80-100 
mev4i) (100 g. ) was added to make a thick slurry by thorou^ 
mixing. I t was then activated at 100-110®C for A hrs. 
The activated material vas kept in a air tight brown bottle, 
( I v ) Solvents : 
Solvents were a l l pure and disti l led before use. 
>mato£ 
Thin layers of si l ica gel G (E,Merck) were applied to 
glass plates (20 x 20 cm, or 20 x 5 cm.) in a thickness of 0,3 mm by 
an applicator (Shandon & Co.), The plates were dried and activated 
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by heating at IG^^ G for an hour and stored in a desiccator. 
Chloroform solution (10^ (5 EL) of the esters was 
applied to the plates vith spo ts 1-2 cm, epart on a iHie 1=2 cm, 
from the bottom of the p la t^ Plates vere developed by ascending 
elution in sealed tanks, lined with f i l t e r psper and containing the 
of 
eluting solvents to a depth/at least 0,5 cm. Spots were made 
vis ible by e:^osure to i o d i n ^ ^ chromatogrsps recorded by photo-
graphically, (81) 
Plates inpregnated with silver nitrate vere prepared 
as required by spraying normal plates vith saturated solutions of 
si lver nitrate in methanol gnd re-activating as before. Four solvent 
systems were used in the present e:xperiments s 
Solvent ^steni A - pet.ether (4-0-6CPG) : ether : methanol = 4.8:50:2 (v/v) 
Solvent system B - benzene: ethylacetate : acetone = 7:4-:4- (v/v) 
Solvent system G - trichloroethylene : chloroform : methanol = 15:6:3 (v/v) 
Solvent system D - pet. ether : ether (80:20) (v/v) 
(40-60°C) 
the values of individual methyl and acetylated esters of a number 
of lac acids were detemined in the above solvent systems (vide Table 
1, page 42). 
Gas chromatography analysis (GI/3) 
The GLG analysis was carried out on an Aerograph Gas 
Chromatogr^h (model A-350-B) using polyethylene glycol adipate or 
diethylene glycol succinate or sillicone—30 as stgfi-onaiy phases on 
ce l i te or chromosorb and employing hydrogen as carrier gas. 
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Infrared spectrum ajaalTsis (IR) 
The IR ^ectrums were recoided as swears (l iquids) or as 
potassim bromidedisc (solids) on a Perkin-Blmer lafracord ^ectro-
photometer (Model 137E). 
The melting points recorded in the present -work are 
uncorrected and determined in c ^ i l l a r i e s in an electrically heated 
apparatus. 
Eagtractionfe 
Fredi soft resin of palas seedlac was pfepared by method 2 
described in Gh^ter I I , 
A 10 percent solution of f inely powdered palas seedlac 
( l kg) was prepared in 78 percent alcohol by stirring with a 
mechanical stirrer for 8-12 hours and the solution was l e f t for 24 
hours at room temperature. The wax and the inparities were f i l tered 
o f f and thoroughly washed with 78 percent alcohol. The f i l t r a t e was 
then concentrated to l/5th of i ts volume in a rotary film evaporator 
at a temperatiire not exceeding The concentrated alcoholic solution, 
cooled to room temperature, was poiired in ten times of i ts volume 
of ether to extract the ether-soluble soft resin. The insoluble 
residue (hard resin) was f i l tered o f f and thoroughly triturated with 
ether in a mortar. Ether was dist i l led of f and the residue was dissolved 
in alcohol (lOO ml) and reprecipitated from ether (2 1 . ) . The insoluble 
material was washed with ether and the removal of ether f inal ly gave 
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250 g, of pure soft resin. 
Properties of soft resin 
The soft resin vas obtained as a deep red gtummy residue-
ItWfls soluble in ether, mathgnol, acetone, eth^ol , ethyl acetate, 
acetic acid and alkaline solutions but itu<ls sparingly soluble in 
benzene and l ight petroleum. The chemical constants vere determined 
and are summarised below : 
Acid value - 107,8 
-Saponification value - 229,0 
Ester value - 121,2 
Iodine value 
Hydro xyl value 
22,0 
108,0 
The fresh soft resin (200 g,) was hydrolysed wi;th ethanolic 
sodium hydroxide (0,5 N, 2 1,) at room taaperature for 24 hrs. The 
free acids (200 g,) were liberated by passing the solution through a 
cation exchange column (Amberlite IR-120) and ev^orating the solvent 
in a rotarj'' film evaporator at a temperature not exceeding 4-5°C. 
The mixture of free acids obtained were converted into 
methyl esters by refluxing Mth 3 percent methanolic l^drogen chloride 
for 8 hours according to the well know Fisher-Spier method. After 
usual working up the methyl esters (192 g.) were f inal ly obtained. 
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Chroiaatogrflphlc analysis lay ILC : 
These methyl esters were examined by TLC using solvent 
systems A and B, The results revealed that the mixture of the methyl 
esters was extremely complicated stnd seemed to include a number of 
coiaponeint acids. 
Urea fractionation : 
The above mixed esters were fractionated into adducted 
(79) 
and nonadducted esters by urea-complex formation in the following 
manner s 
The mixed esters (190 g. ) were taken in methanol (114-0 ml. ) , 
urea (190 g.) added and the mixture was wanned to give a clear solution. 
The solution was allowed to stand overnight at room temperature and 
then at 5®G for 7 days. The solid urea-complexes were f i l tered and 
washed with ether. The urea-adducted esters were isolated by warning 
the complexes with water and then extracting with ether, Similarly 
the non-adducted i&sters from the f i l t r a t e were also recovered. Finally 
adducted esters (A = 18 g., 9.5/6) and non-adducted esters (B » 170 g. , 
89.5?5) were obtained. 
TLG examination of the fractions in the solvent system -
A against standards indicated that non-hydrojsy, co-hydroxy, keto and 
other less polar esters got concentrated In the adducted fraction A, 
viiile polar esters in the non-adducted fraction B. 
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Frf^ctlonation of A 
: 
In order to obtain a better separation of the nonhydrojiy 
and oj-hydroxy esters from other polar esters. Fraction A (18 g.) 
was acetylated with acetic anhydride (100 ml) at 100®G for 4- hours. 
The excess acetic anhydride was ronnoved in a rotaiy film evaporatdr,i 
at 70°G to yield the aceto3?y esters (20 g , ) . 
The urea fraction technique was repeated on the acetylated 
esters (A = 20 g. ) and the adduct (A-1 = 7.5 g.) and the non-adduct 
(A-2 = 12.5 g. ) were recovered in the usual manner, 
TLG examination of Fractions A-1 and A--2. 
These fractions "Hrere examined on TLG plates inpregnated 
(81) 
with silver nitrate using solvent system-D and ^o ts were made 
visible ty heating the plate at 150®G for an hour. Black ^o ts on 
brownidi baclqground w^e thus visible. TLG results indicated that 
the adducted. esters (A- l ) were a mixture of saturated and unsaturated 
non-acetoxy and m-acetoxy esters while the non-adducted esters (A-2) 
indicated the presence of three esters of which two were su^ected 
due to keto and triacetoxy esters. The R^ values of these tvx) fractions 
were 0,65 , 0.4-6, 0,33, 0.25 & 0.09 and'0,62, 0.13, 0,02 re^ect ive ly . 
Chromatography of adducted esters - A-j . 
The saturated and unsaturated acetoxy and non-acetojsy esters 
from A-1 (7,2 g . ) were chromatographed in several lots, on a column 
of sil ica gel impregnated with silver nitrate (4-0 g.) mixed with 
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hyllosupercel (20 g,) in each lo t , by using increasing proportions of 
ether in pet. ether (4-0 - 60°G), eluting 100 ml, portions according to 
(82) 
the method of deVries • The fractionations '.Jsre monitored ty 
TLC and the corresponding fractions were taken together giving ultimately 
f i ve fractions (A-1.1 - A-J.5) (see Table 3) . 
Pr.No. Solvent 
system 
Ratio in 
volume 
Weight in g. % of load 
A-1,1 Pet.ethers 6ther 100:0 ) 
99:1 ) 
98:2 ) 
1,45 20,13 
2 -do- 97:3 0,26 3.61 
3 -do- 96:4 3.56 49.44 
4 -do- 95:5 
90:10 
1.52 21.11 
5 Ether 
Methapol 
100 
100 
0,34 4,72 
TLC indicated that the desired separation had been 
achieved and the chromatogram vas recorded photographically (Fig.2, 
page 4-5). The f i r s t fraction (A- I . l ) was pdnre saturated non-hydroxy 
ester ( l^ 0.65), the second fraction (A-1,2) was a mixture of three 
components having R^ values 0,65, 0,4.6 & 0,33. The third (A-1.3, 
R^ = 0.33 J: and fourth (A-1.4, R^ = 0,33 & 0,25) fractions were pure 
saturated and unsaturated acetoxy esters respectively. Fi fth fraction 
(A-1.5, R^ = 0,09) was a mixture of components. 
73.. 
Qharacterlsntlon and identification of fat ty acids 
(a) The f i r s t fraction was analysed T:>y gas-liquid chromato-
graphy using t-wo different colrimn materials respectively. 
The analysis of the fraction on a column of polyethylene 
glycol adipate (PEGA, v/v) at a coltmin temperature of 20o®G flowed 
three peaks vhich were identified by running separately with standards 
as C^ ,^ and ordinary esters. The proportion of these esters 
were found to be 4-1.0, 53,0 and 6,0 respectively, A typical 
chromatogram of this mixture as such and with standard on PSG-A is 
shown in Fig, 3, page 4-6, These results were confirmed by sffialysing 
the sgimple on a column of diethylene glycol succinate at a ten^jerature 
of 190®C. 
(b) The second fraction A-1,2 (0,26 g,) was rechromatographed 
on a similar column using increasing proportion of ether in pet, ether 
(4.0-60PG) elutijig 1(JO ml portions. The fractions were monitored by 
TLC and corresponding fractions were taken together giving ultimately 
four fractions (see Table 4-). 
Table A 
Fr.No, Solvent Ratio in Weight in % of load, 
syst^, volume^ ,. g_. 
1, Pet,ether 100,0 0,0562 21,6 
2, Pet. ethers ether 99:1 0.14-33 55,1 
98:2 
3, -do- 97:3 0,0289 11,1 
4-, Ether 100.0 0,0226 8,7 
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The second J^action vas found to be pure unsatoixated non-
hydroxy ester which while run as before on PEGA at 200°G revealed 
the presence of C^ ,^ C^^ and C g^ unsaturated oardinary esters in the 
proportion of 31.7, 43.7 and respectively, 
iu*'Hydro3iy esters 
(a) ia£ara:fced acid (Fr, A - 1 ^ 
The fraction A-1.3j a solid one (0.2047 g.); was hydrolysed with 
alcoholic potassium hydroxii.de (lO ml, 0.5N) by refluxing for 4 hours. 
The solvent was removed and the material was dissolved in water^ 
warmed and the solution was acidified with dilute sulphuric acid. 
The precipitated acid was f i l tered, thoroughly wa^ed with water and 
dried. The acid was recrystallised from ether by slow evaporation at 
(87) 
room temperature. The acid melted at 89-90^0 ( l i t , c i t , 91-93°G). 
The melting point of the acid was undepressed by an authentic sstaple 
of l6-hydroxy palmitic acid (m.p. 89-90®C). The esters had the 
same R^ value on TLG (0.45 in solvent system A), 
I t had acid value of 200,7, hydro3?yl value of 194.0 and 
equivalent veight of 279.0 which indicated the presence of one hyiroxyl 
group in the molecule. Infrared spectrum also confiimed the purity of 
the sample as well as the presence of hydrosiyl peaJc at 3.05|i, 9.551^  
(primary hydroxyl) iai the molecule shown in Fig, 4, page 48, (Found 
G = 70,67^ H = 11,74 requires G = 70,59 .^ H= 11,7^'. 
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Chain length determination t - The w-hydroxy add was converted to 
methyl ester by methanolic hydrogen chloride and was subjected to 
(84.) 
iodination - deiodlnation , 
The ester (52 mg.), iodine (270 mg.) gtnd red pho^horus (620mg.) 
were heated together at 100®G for an hour ai^er which the remaining 
iodine was removed under the reduced pressure. The residue, dissolved 
in ether, was washed successively with water, sodivim bisulphite and 
water. The iodinated ester, remaining after removal of the solvent, 
was refluxed for 4- hrs. with 5 percent hydrogen chloride in methanol 
(5 ml.) and activated zinc (200 mg.). Activated zinc was prepared as 
required by refluxing zinc dust (1 g.) with methanol (5 ml.) and 
hydrdadic acid (0.1 ml.) for 5 minutes, decanting the solvent and 
washing thoroughly with methanol. Quring the reaction hydrogen 
chloride in small portions was added several times. The product 
recovered by ether extraction, was indistinguishable from methyl 
palmitate in i ts chromatogrsphic behaviour over GLG, 
Position of hydro:i{;'/l group The acid was oxidised by Matic's 
(85) 
procedure . To the acid (28 mg.) in acetone (3 ml), was added dropwise 
a solution of chromic oxide (30 mg.) in water(2 ml,) , and concentrated 
sulphuric acid (0.5 ml.). After shaking for half an hour, the mixture 
was poured Into water"^^ the oxidised product was allowed to settle 
down. The oxidised product was then f i l tered o f f , thoroughly washed 
with water, dried and recrystallised from ethyl acetate. The product 
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(20 mg.) gave a dicarboxylic acid vJiich melted at 118-119®G and was 
(86) 
undepressed by an soitheiitic sample of 1, 16-hexadecajiediolc acid 
(m.p« 118-119°G} and their esters had the same R^  values. This 
proved that the original hydroxy acid was l6-hyiroxy hexadecanoic acid 
(l6-hydroxy palmitic) ^ 
(Ta) The unsaturated acid (Fr. A-1.4-) 
The fraction A-1«>4 was mainly unsaturated aceto3?y ester 
with a trace of saturated acetoxy ester (l6-aceto35y palmitate) •which 
was removed by further fractionation of the material over si l ica gel 
iitpregnated with silver nitrate in the usual way and giving ultimately 
/ % ^ if h ^^ four fractions (vide Table 5) . "or better elution 5 to 6Ai-F^pressure 
was ^pl ied on the top of the column. 
Table 5. Fractionation of A-1.4-
Fr.No, Eluent Ratio with Weight In ^^  $6 of load 
1 Pet,ether:ether 97:3 0.1304 30.3 
2 -do- 96 i A 0.0196 4.6 
3 -do- 95 J5 
94:6 
0.1218 28.3 
A Sther 100 0.1582 36.7 
TLC investigation had shown that fraction 1 was 
to-acetoxy palmitate and remaining fractions were pure unsaturated 
acetoxy ester. 
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Hydrogen^tion A small portion of the pure unsaturated acetoxy 
ester (115 mg.) in methanol (20 ml.) was hydrogenated ly shaking in an 
atmosphere of hydrogen for 24 hrs. using 10^  palladium charcoal 
(20 mg.) ffs catalyst. The catalyst was f i l tered o f f and the f i l t rabe 
evsporated to dryness, affording the saturated, ester. The hydrogenated 
ester and the saturated co-aceto2<y palmitate had the ssme R|. Value of 
0,33 on silver nitrate plate. 
Position of the dquble bond 
( i ) The ester, after hydrolysis was oxidised according to 
(88J 
von Rudloff s method , The ester (15 mg.) was hydrolysed. 
and the recovered acid (12 mg,) was dissolved in a 
solution of potassiura carbonate (44-6 mg,) in water ( l i 'm l , ) 
and a solution of potassim permanganate (2,5 mg,) and periodic 
acid (128 mg.) in water (44 ml.) added. After diaking 
for 24 hrs,, the excess oxidant was destroyed ty the 
addition of sulphuric acid (21J, 10 ml.) and sodium bisulphite. 
The solution was neutralised with sodium carbonate and 
the volume was reduced (25 ml,} on a rotary film evaporator. 
The solution was acidified with sulphuric acid, saturated 
with sodium chloride and extracted with ether (5 x ml, ) , 
(89) 
The acids (lO mg.) thus obtained were exajuined ty TLC 
using oxidation products from an authentic sample of 
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l6-hydro3{5'"-hexadec-9-enoic acid. The main oxidised 
products were identified as pimelic (R„ = 0.56) and azelaic 
(89) ^ 
(R^=0,63) acids ly TLO usiag solvent system xylene 5 
phenol : n-butanol : fomic acid : vater (70:30:10:8s2) by 
running with adipic, pimelic, azelaic and sebacic acids as 
standard which had Rf values of 0.51, 0.56, O.63 & 0 .68 
respectively. 
( i i ) The uj-acetoxy derivative of the above unsaturated hydroxy 
acid Was prepared and was subjected to von Rudloff oxidation. 
The acetylated ester (34- mg.) was dissolved in 80^ acetic 
acid solution and oxidised with a solution of potassium 
permanganate (6 mg.) and periodic add (230 mg.) in water (10 ml 
After shaking for 24- hrs. ,the excess oxidant was destroyed by 
the addition of sodium bisulphite and esitracbed with pet.ether 
and ether respectively. The product from pet,ether extract 
Was hydrolysed and a Gy monobasic acid was obtained while a 
Gg dibasic acid was obtained from ether extract. The 
monobasic acid was fui^her oxidised with potassium permanganate 
to C^  dibasic acid and both dibasic acids (Gy & G )^ were 
identified by TLO (Rf = 0.56 & 0.63). 
From the above results i t is clear that these tm dibasic 
acids only have been obtained from l 6 - h y d r o x 5 ' ' - h e x a d e c - 9 - e n o i c 
acid. 
The natural acid was a liquid and did not show any absorbance 
near 0^,UV on IR indicating further that the original acid was 
16-hYdroXV"hexadec-ci9 - enoic acid. 
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(Found C = 70.2^; H = lO-S-^ '^G^^  H^^  requires G = 71.1-?^  H = l l . l ^ ) 
These l6-hydroxy acids represent 2$ (saturated) and 1% (unsaturated) 
of the total acids of hydrolysed sofi; resin. 
Unidentified acid (m.p. 83-84°G) from Fr. A-1.5. 
This fraction vas hydrolysed and the recovered acid after 
ciyst a l i i sat ion melted at 83-84-°C but could not be characterised due 
to the meagre yield of the fraction. I t was afterwards found to be a 
mixture of coirponents. The acid had an acid value and hydroxyl value 
of 235. GLG of i ts methyl ester revealed it to be a mixture of at 
least four coinponents. (Found G = ST*- H = .This fraction could not 
be studied further in detail and could not be thus identified. 
Chromatography of nonadducted esters ( Fr. A-2). 
The acetoxy ester fraction A-2 was a mixture of three 
components having R^ values of 0,62, 0,13 and 0,02 and no pure component 
could be isolated from fractionation. Hence the acetoxy esters (12,0 g.) 
on 
vjere hydrolysed by potassium hydroxide (0,5N, 50 ml)/decompo sit ion with 
dilute sulphuric acid two fractions, one ether insoluble solid (F-1, 
2,3 g.) and the other ether soluble soft fraction (F-2, 9,7 g.) were 
obtained. The solid fraction, F-1, after crystallisation from aqueous 
methanol, melted at 93-94-®G, The chemical constants for this acid 
are given below : 
Acid value - 182 
Hydroxyl value - 520 
Acid equivalent - 3O8 (theoretical 304). 
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The above data clearly indicated the presence of three hydroxyl 
groups in the compoimd and the acid appeared to be isojaifearitie 
acid. The molting point of the acid was undepressed by an authentic 
(5A) 
sample of isoaleuritic acid (m.p, 93-94®C) and their methyl 
esters had the s^e R^ value (0.33 solvent system B) , 
(27) 
I SOP ropyl idene der ivat ive The solid acid (lOO mg.) was 
dissolved, in dry acetone (3 ml.) and anhydrous copper sulphate (approx. 
0,2 g,) added. After 34 hiPs,, the solution was f i l tered, the copper 
salts washed with dry ether and the combined solution ev8$)orated to 
yield the isopropylidene compound (90 mg,). I t was a liquid product 
and was examined by TLG using solvent system-pet,ether; ethersmethanol: 
50:4-0$ 10 (Rjp 0,52) against authentic sample of aleuritic acid 
(R|. = 0,25) which indicated that the reaction had occurred, 
(88) 
Position of vicinal hydroxyl groups : 
(a) The acid (70 mg,) was dissolved in a solution of potassium 
Carbonate (80 mg,) in water (60 ml) and potassium periodate (l70 mg,) 
and potassium permanganate (2 mg.) in water (30 ml.) were added. 
After shaking for 24 hrs, the solution was acidified and thoroughly 
extracted with ether. The oxidised piKsducts thus obtained, were (89) 
examined by TLG using authentic samples of dibasic acids for cor^a-
rison. These corre^onded to pimelic (R^ 0,56) and azelaic (0,63) 
acids, suggesting that the vicinal hydroxyl groups in the acid was 
at 9:10 position. 
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(b) The acid (50 mg.) was dissolved into a solution of 
potassium carbonate (60 mg.) in water (50 ml), and potassium periodate 
(150 mg.) in water (20 ml.) was subsequently added. After shaJ^ing 
for 24 hrs., i t was extracted with ether, A neutral product 
(hydroxy aldehyde) was extracted with ether and the acidic mass 
( semialdehydic acid) l e f t be^iind. Both were then oxidised with 
potassium permanganate and the oxidised products were confirmed loy 
TLC as pimelic (R^ = 0.56) and azelaic (R^ = 0,63) acids respectively. 
These proved that the vicinal hydroxyl groups v/ere at 9 J 10 position. 
Chain length detemination The acid (25 mg.) was converted into 
(84) 
methyl ester and the ester was subjected to iodination - deiodination 
as described earlier, to yield the parent ester (15 mg.). The 
product was indistinguishable from methyl palmitate in i ts chromatographic 
behaviour. 
Isomeric The behaviour of the hydroxy ester vas similar to that 
of methyl th£go-9,10, l6-trihydroxy palmitate (aleuritate) on a TLC 
(81) 
plate itipregnated with boric acid ( = 0,l6 using solvent system 
pet.etheri ether : methanol J 60 : 40 : 10 ) . This acid represented 
U3% of the total acids iji soft resin. 
Chromatography of residual acids (Fr. F-2) t 
The ether soluble soft mass, F-2, (9,7 g«). l e f t after 
separating the isoaleuritic acid, was taken up for further study, 
A separation of the acids (6.51 g.) was tried by chromatography on 
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s i l i ca gel (60 g.) using increasing proportions of ether in benzene 
and collecting 100 ml, portions. The fractions vere monitored with 
the helj|of TLG and the corresponding fractions vere taken together. 
I 
r 
TLG results indicated that the desired separation had not been 
achieved and that i t had been unsuccessful. Hence these acids were 
converted into the corresponding methyl esters. 
The methyl esters (5.9 g. ) were rechromatographed over 
s i l i ca gel (lOO g.) colvttnn by using various proportions of benzene/ 
ether solvent mixtures and elutijig 100 ml. portions and f i v e fractions 
were obtained. (F-2.1, F=2.2 F-2.5) (see Table 6) . 
Tabie_6 
Fr.Ko. Eluent Ratio in Weight in ^ of load 
volume g. 
jP-2.1 
F-2.2 
F-2.3 
F-2.^ 
Benzene: ether 
-do-
-do-
-do-
90:10 
80:20 
70:30 
60:40 
50:50 
40:60 
30:70 
20:80 
10:90 
1.0928 
2.2199 
0.9159 
0.5658 
18.47 
37.45 
15.42 
9.49 
F-2.5 Ether 100:0 0.5984 10.00 
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These fractions were exgoained by TLG on noumal plates using solvent 
systems C and D, The results Indicated that the fractions 1 and 2 
vere largely a single ester (Rj. == 0,62). I t gave a positive test 
for a carbonyl group when tested with 2i4- dinitrophenyl hydrazine. 
I t s chroiaatogr^hic behaviour on TLG was analogous to that of 6-ketotetra-
decanoate. 
6-ketotetradecnnoic acid : 
The acid, obtained by hydrolysis, of the ester and 
recrystallisation from pet.ether (b.p. 60-80®G) had a m.p. 68-69°G 
(83) 
alone or T-d-ien mixed vith synthetic acid ( l i t , gives a m.p, 6 9 - 7 0 ° G ) , 
The melting point of the acid was imdepressed by sfft authentic sanple • - • (95) 
of keto butolic acid (m.p. 69.5-70°C) . I ts infrared ^ectrura 
(P ig . 5, page 54) showed two peaks at 5.70f^ and 5.751^  indicating the 
presence of further carbonyl group in addition to ester carbonyl 
peak (5.75W in the molecule, 
(95) • 
Preparation of seiaicarbazone derivative of 6-keto acid 
The keto acid (77 mg.) was dissolved in the minimum quantity 
of alcohol and a solution of semicarbazide hydrochloride (84 mg.) 
and sodium acetate (66 mg.) in water (3 ml.) added. The mixture was 
heated for 5 minutes and allowed to stand overnight. The cinde 
semicarbazone (33 mg.) vhich separated out, was f i l tered o f f and 
recrystallised from ethanol/water. I t had a m.p. of 129-131® C alone 
and was undepressed when mixed with an scuthentic derivative of the add. 
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Bnrohydrlda reduction The keto ester (25 mg.) Was dissolved in 
aqueous methanol (90^, 5 ml.) and excess sodium borohydride ( l g.) 
added over half an hour. The solution was then added to a large 
volume of water and ether extracted. The ether was removed to yield 
UteX 
the hydroxy ester (20 mg,). The resulting hydroxy^^was identified as 
6-hydro:xytetradecanoate by running with an authentic sample on TLG 
using solvent systems A & B (R^ = 0,65 & 0,36). 
Gh i^n length determination The hydroxy ester (15 mg.) Vi&s 
(84)-
subjected to iodination and deiodination , The parent compound was 
indistinguishable from methyl tetradecanoate on GLG, 
Position Ox the keto group The keto ester (40 mg,) was dissolved 
in 80^ ethanol ( l ml,) and was refluxed with a solution of hydroxylamine 
hydrochloride (80 mg,) and fused sodium acetate (80 mg,) in 80^ 
ethanol (2 ml,). Thereafter, the oximes (35 mg,) were recovered and 
heated to 100®C with concentrated sulphuric acid (0,2 ml.) for 1 hr, 
(90)-
to ef fect the Beckmann rearrangement . After cooling,water 
(0,4- ml.) was abided and the mixture boiled for 3 brs. to hydrolyse the 
amides formed. The resulting monobasic acid was extracted with light 
petroleum and the dibasic acid with ether thereafter. The dibasic (89) 
acid on examination with TLG , -was fo-und to be adipic acid (il£c0,5l) 
liiich could have resulted only from 6-ketotetradecanoic acid. 
The acid represented 2,5^ of the total acids obtained*from soft resin. 
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Ghromatogrnphy of Fractions F-2.4 & F»2.5. 
When they were subjected to GLC analysis under usual 
conditions on SE-30 at 225°G, nothing vas eluted mA similar results 
were obtained viien the temperature was raised to 250®G and the flow 
rate doubled suggesting that they were highly polar. 
The methyl esters (0,855 g.) were rechromatogrgphed on 
s i l i ca gel (50 g, , 60 mesh) and eluted with 100 ml, l o t s of various 
ben«ene/ether mixtures. Five fractions were obtained (Table-7), 
Fr.No. Eluent Ratio in Wei^t in 
volume g. 
% of load 
1 Benzene: ether 80:20 0,0684 8.0 
2 -do- 70'.30 0 . 1 3 4 0 . 15.6 
3. -do- 60:4.0 0.1440 1 6 . 8 
A -do- 50:50 0 , 3 6 6 3 42.8 
5 -do- 4-0:60 0.1274 14.9 
The fourth fraction, the major one, was found to be a mixture of three 
products vAien ex^ined by TLG, inpluding one corresponding to methyl 
aleuritate and the other two to dihydroxy esters of \4iich one having 
vicinal l::Qrdro3{yl groups. 
This methyl ester (200 mg.) was hydrolysed with 
alcoholic potassium hydroxide (0,5N, 20 ml) to the acid (180 mg). 
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The chemical constants for theacid were as follows 
Acid Value - 200 
Hydroxyl value - 399.3 
Acid equivalent - 280 
These values indicated the acid to be a dihydroxy one Taut i t could 
not be crystallised. I t could not be, therefore, further studied. 
Shromatogr^hy of the original non-adducted esters Fr-B 
The original urea non-adducted ester mixture 
(B, 170 g.) consisted of a mixture of monB-,dl- ^ d tri-hydrosy 
aliphatic and other teipenic esters. I t was evident from TLG that 
sufficient amount of non- and mono-hydroxy esters were l e f t behind 
in this fraction. Hence this fraction (B, 167 g.) was fractionated 
i 9 A ) 
over neutral alumina . 
Two approximately equal batches of the mixed esters 
(165 g.) were chromatographed on neutral alumina (grade I , 750 g. 
each batch) loading in benzene and eluting successively with 1 1, lo ts 
of benzene, benzene/ether and ether/methanol mixtures, c'orre^onding 
fractions from the two columns were combined, nine fractions (142 g, , 
87^, B-1 to B-9) being recovered as shown in Table 8. TLG res i l ts 
showed that a reasonable separation had been achieved and the fractions 
were obtained in the order of increasing polarity. 
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Fr.No. 
Ims-B, 
Eluen^ Weij?ht in % of load 
6. 
B-1 Benzene 74.2 44.9 
B-2 Benzene 30.8 18.6 
B-3 Benzene:ether(50) 3.9 2.4 
B-4. Benzene: ether( 50) 5.8 3.5 
B-5 3Sther 3.8 
B-6 Ether 2.3 1.4 
B-7 iSther:methanol( 50) 16.0 9.7 
B-8 Ether:methanol( 50) 1.8 1.1 
B-9 Methanol 1.8 1.1 
The figure In parenthesis indicates the percentage by voltime of the 
second componeit in the solvent mixture. 
In the present investigations with the help of TLG, 
the solvent ^stem-A was used on normal plates and iodine vapours 
were used to make the spots visible. 
Fractions B-1 and B-2 totalled (l05 g. ) nearly of 
the non adducted fraction B and TLO ^owed the presence of non-hydroxy 
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(traces) md monohydroay components with a ntmber of other components 
also present. These tvK> fractions vere mixed and fractionated with urea» 
B-1 and B-2 (1Q5 g.) were taken in methanol (600 ml), 
urea (105 g.) added and the mixture was warned to give a clear solution. 
The solution was l e f t at 4-°G and after 24 hrs. the solid mass was 
collected, decomposed by water sfnd ether extracted to yield the adducted 
esters (fraction 0-1, 5,6 g , ) . The irrea fractionation was repeated 
on the non-adducted esters hut no further adduct oould be obtained. 
The non-adducted esters (Fr, G-2, 99.4 g.) were recovered as usual. 
TLG examination of Q-1 and C-2. 
Fraction G-i was shovw to be almost pure monohydroxy 
ester with traces of nonhydroxy component while 0-2 ^owed the presence 
of a number of components. 
Chromatography of Fr.C-1. 
The fraction 0-1 (5,6 g. ) was rechromatographed on 
s i l ica gel (150 g,, 80 me^) with the ei^ectation of removing the 
nonhydroxy components, eluting with pet,ether, ether and methanol 
(100 ml. lots) and collecting three fractions (5,30 g,, (see Table 9). 
Fr, Wo. Sluent Ratio in Weiglit in ^ of load 
ga_ 
1 Pet,ether 100 0,1837 3.3 
2 Ether 100 4,6683 83.3 
3 Methanol 100 0.4458 8,0 
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TLG showed that the second md third fractions vere entirely pure 
esters having R^ value (0.65, solvent system A) identi f ical with 
methyl butolate and degraiative procedures, necessary to establish 
i ts stmcture, were carried out on this material. TLG results 
showed that fraction 1 was pure nonliydroxy component and GI/J analysis 
revealed that the fraction contained only the G'^ ^ and C g^ (SE-30) 
Saturated ordinary esters. 
6-Hydro:j!y tetradecanoate (Butolic acid). 
The hytiro3cy acid was obtained by hydrolysis of the 
methyl ester and recrystallised from pet,ether (4-0-60®G), melting 
(78) 
at 57-57.5°C , The corresponding keto acid was also prepared by 
oxidation of the hydroxy ester as described below, followed ty 
hydrolysis ^d reciyst a l i i sat ion from pet,ether (b.p. 40-60®G) and 
(78) (95) 
melted at 69-70®G . The value 0.65 of the ester and the 
authentic methyl 'butolate were in agreement, IR spectrum also 
confirmed the purity of the sample and showed the presence of hydroxyl 
peak at 3.05F- and 9.13H- (secondary hydroxyl ) , ester carboxyl at 
5.75!^  and a chain of four or more methylene groups at 13,80|J', The (78) 
melting point of the acid (m,p, 57-57.5®G) was undepressed liien 
mixed with an authentic ssmple of butolic acid,, 
(85) 
Position of the hydroxyl group , 
The ester (25 mg,) was dissolved in acetic acid ( 1ml,) 
and oxidised at room temperature by chromic anhydride (25 mg,) in 
acetic acid ( l ml,) solution. After one hour, water (10 ml.) was added. 
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excess oxidant was destroyed by soditm ^ Iph i t e and the kefto ester 
(20 mg.) was recovered. From the keto ester (20 mg.), the oximes 
(90) 
(20 mg.) were prepared and subjected to a Beclonajin rearrangement 
followed by hydrolysis* I t was then preceded as given on page 84-. 
The dibasic acid on examination with TLC was found to be adipic acid 
(R^ = 0,5l) liiich could have resulted only from 6-hydroxy tetradecanoic 
acid. 
Chain length determination. 
The hydroxy ester (25 mg.) was, as usual, subjected 
(84.) 
to iodination-deiodination • , The parent compound thus obtained 
was indistinguishable from methyl tetradecanoate on GLG, 
The acid represented 9.3^ of the total acids in 
hydrolysed soft resin. 
Fractions B-3 and B-4.. 
Methyl esters of fractions B-3 and B-4 on TLC 
( solvent system B) ^owed the presence of dimethyl shellolate, dimethyl 
^ i she l lo la te and methyl aleuritate (R^ values = 0.53, 0,45 and 0,33 
re^ect ive ly ) . These were identified by conparing their R|. Values with 
authentic compounds. These two fractions, were, therefore, mixed 
together and further fractionated (see Table 10), 
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M M - 1 0 
Weight of Gompoimd = 6.2802 g. 
Weight of sllic,q gel = 50 g., 4-0-60 mesh. 
Fr, No, Eluent Ratio ia Weigjit in of load 
volume g. 
1 Benzene 103 2,6708 32,5 
2 Benzene t methanol 98:2 
97:3 
0,7506 11,9 
3 -do- 96:4-
95:5 
1,9850 30,6 
A Benzene : methanol 
methanol 
90; 10 
100 
1,2614- 20,0 
5—. 
Fraction 1 vas found to be mixture of dimethyl shellolate and 
^|3ishellolate while Frs, 2 and 3 were found to be identical. value 
lAien conpared with an authentic ssonple corresponded to dimethyl 
shellolate and on recrystallisation from ether, i t melted 4t 148-14-9°G. 
The methyl ester was saponified by boiling i t with normal aqueous 
caustic soda (10 ml.) and equivalent quantity of normal sulphuric 
acid solution added to i t , and thResulting completely clear solution 
was evaporated to dryness. The residue was treated^warm alcohol t i l l 
i t became powdery. I t was then f i l t ered and the solvent removed by 
evaporation on a water bath. The shellolic acid remained behind in 
white crystals, which were recrystallMed from a snail quantity of water. 
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The melting point of the ester and the acid vere undepressed ly 
(5 ) 
authentic s t o l e s of dimethyl shellolate (m«p. 148-14.9°G) and 
(5) 
shel lol ic acid (m.p. 204-205°G) respectively. Fraction 4 vas 
identif ied as methyl aleuritate by comparing the R^ value with that 
of the authentic sample. Dimethyl epishellolate did not crystal l ise 
out from fraction 1 as i t was a soft mass. On further fractionation 
over neutral alumina good separation was not achieved. 
Fractions B-6. B~6 & B-7. 
Methyl esters of fractions B-5, B-6 and B-7 were examined 
by TLO and i t was found that these were composed mainly of a single 
ester ( % value O.O3, 0.33 & 0,29 in solvent systems A, B, C 
respectively) which was identif ied as methyl aleuritate by comparing 
the R^ Values with authentic methyl aleuritate. The ester fractions 
from B-5 to B-7 were recrystallised using acetone-water and the pure 
ester melted at 7045-71®G and was undepressed by an authentic sanple 
(5) 
of methyl aleuritate (m.p, 70-7l°G) . The ester was hydrolysed 
and the recovered acid recrystallised from hot water. I t melted at 
100-101®G and was undepressed when mixed with an authentic sample of 
(5) 
aleuritic acid (m.p. 101-101,5°G). The acid had an acid value of 
182, hydroxyl value of 524 and acid equival^t of 308 (theoretical 304). 
Characterization of this acid was done in the same way as for the 
isomer of aleuritic acid. The acid iraa foxmd to be 9,10,l6-trihydroxy 
palmitic acid. This acid represented 14,0 per cent of the total acids 
of hydrolysed soft resin. 
93.. 
These fractions diovred the presence of highly polar 
compounds on TLG and by comparing their R^^ values vith authentic 
compounds, they appeared to be dimethyl shellolate, ^pisfaellolate« 
methyl lakshollate and epilakshollate (R^ values 0.53, 0.4-5, 0,029 
and 0,02 in solvent system B respectively). The structure of these 
(62) 
acids had already been establidied. 
The methyl esters (99.4 g. ) of the non-adducted fraction C-2 
had shovn the presence of a number of components on TLG, The esters 
(90,5 g,) were then chromatogrgphed on sil ica gel (500 g., 4-0-60 me 
column ®id seven fractions (C-2,1, 0-2,2 C5"2,7) were 
collected (see Table 1l ) . 
Table 11 
Fr, No, Eluent Ratio in 
volume. 
Weight in 
g. 
% of load. 
G-2.1 Ether " 1 lit.CioojO 64.5 71.27 
2 -do- -do- 17,0 18.78 
3 -do- -do~ 1.5 1.65 
4 -do- -do- 1.3 1.43 
5 -do- -do- 0.5 0.55 
6 Methanol -do- 3.5 3.86 
7 -do- -do- 1.7 1.87 
The fractions uere examined by TLC in the solvent system A and B 
re^ectiyely on normal plates. Fr,0-2.1 and G-2.2 were shown to 
be similar, consisting of mixture of components. These were 
mixed and called as Fr, 0 (81.5 g. ) . Desired'separation was not 
achieved, 
TLG showed that these fractions were mainly dimethyl 
shellolate, dimethyl jgEishellolate and dimethyl acetal methyl j alarate. 
These were identified by comparing the values of the authentic 
compounds (R^ values 0,53, 0,4-6 and 0,35 in solvent system B respectively) 
(see Table 1, page 4-2). 
Qhromatography of Fr.D. 
This fraction was shoxiiti to be a mii^ure of several 
components containing mainly dihydroxy and teipenic esters with a l i t t l e 
amount of butolic ester. Hence it was thou^t worthwhile to remove 
the butolic ester by urea-fractionation but it was not successful. 
It was then chromatographed over silica gel (850 g., 
40-60 mesh), eluting with various proportions of chloroforai and ethyl 
acetate and six fractions were collected (D-1 to D-6) (see Table 12). 
95. 
Table 12. 
Fr. No. ISluent Ratio with 
volme 
Weight in g. % of load 
0-1 Chlorofonn 100:0 (1 1.) 0,18U 0,26 
2 Chloroform: ethyl-
acetate 
90:10 36.7528 45.09 
3 -do- 80:20 23,3062 28,59 
A -do- 70:30 
GOiAO 
13,7868 16,91 
5 -do- 50:50 5,9826 7.34 
6 Ethyl acetate 100:0 1,3924 1,70 
The TLG investigation of these fractions was done using solvent 
systems B gjid C on normal plates. 
This fraction was diown to "be 6-keto tetradecanoate (R£!=0,62) 
and gave the positive tesft with dinitrophenyl li^rdrazine. It was 
identified in the usual manner, as reported earlier. 
This fraction was diown to be a mijrture of components, A 
preliminary fractionation of it over neutral alimiina coliann was tried 
but good OTparation was not achieved. It was then acetylated with 
acetic anhydride to get a better separation of the components. Finally 
acetylated product (40,1 g,) was fractionated over silica gel (800 g,, 
4-0-60 mesh) (see Table 13). 
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Fr.No, Eluent Ratio in Weight in of load 
volixme g. 
D-2.1 Pet. ethers ether 95:5 ( 2 1.) 19.9762 49.81 
(60-80®C) 
D-2.2 -do- 90:10 ( l 1.) 1.7382 4.33 
3 -do- 85:15 (2 1.) 6.8814 17.16 
80:20 
4 -do- 70:30 4.7782 11.91 
60:40 
5 -do- 50:50 6.6l44 16.49 
Ether 0:100 
In the present investigation TLG waS done on plates inpregnated with 
silver nitrate using solvent ^stein D. 
Fr. D-2.1. 
It was dioTO to be a mixture of three -components containing 
mainly aceto^y butolate, diacetoxy ester with some other polar components, 
Fr. D-2.2. 
This fraction was shown to be pure acetoxy butolate. After 
hydrolysis, the acid was identified as butolic acid. 
Fr. D-2.3. 
It was shown to be mixture of dimethylacetal methyl jalarate 
(62) 
and methyl laKdiollate 
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Fr. 0-2.^ and D-2.5. 
TLC results indicated that fraction D-2.4- was esrtremely a 
complex mixture stnd D-2,5 was mainly a mixture of dimethyl shellolate, 
^pishellolate and dimethylacetal methyl jalarate. These were not 
studied further in detail. 
Ghromatographv of Fr.B-2.1. 
This fraction (19.9 g.) was rechromatogr^hed on silica gel 
(350 g., 60 mesh) eluting vjith various proportions of petroleum ether/ 
ether mixtures, combining corre^onding fractions to give three 
fractions (see Table 14-). 
Fr. No. Eluent Ratio In 
volume 
Height in g. % of load 
1 Pet,ether:ether 100:0 ) 7.62 3 8 . 0 0 
95:5 ) 
90:10) 
2 Sther 0:100(1 1.) 9.12 45.82 
3 Methanol 100 ml. 3.22 1 6 . 0 0 
The first fraction was shown to be butolate and later identified as 
butolic acid. The second fraction, the major one, was a mixture of 
t w components, one of these had a polarity similar to the diacetoxy 
98.. 
ester ^d last fraction vas highly polar. 
Ghrom»togr?phy of second fraction. 
This fraction (1,8 g.) vas chromatogr^hed on silica gel 
colitmn impregnated with silver nitrate (lO g.) mixed with 
hyflosupercel (5 g.) in several lots by means of increasing proportions 
of ether in petroleum, ether (100 ml.) collecting 10 ml. portions 
according to the method of deVries. The fractionations were monitored 
with the help of TLC and corresponding fractions were taken togehher 
giving ultimately three fractions (Table 15). 
Table 15 
Fr.No. Eluent Ratio in ^Jei^t % of load 
volume in g. 
1 Pet.ethers ether 90:10 0.3942 21.9 
80:20 
2 -do- 70:30 0.0286 1.5 
60:40 
3 Ether 0:100 1.3142 73.0 
TLC was done with solvent system D using plates inpregnated with 
silver nitrate. The results revealed the first fraction to be an 
ester having tv© hydroxyl groups, one primary and one secondary. 
Its polarity (R^ = 0.26) was in between the vicinal diacetoxy ester 
and the tri-acetoxy aleiiritate (% values = 0.28 and 0.13). 
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The melting point (76-77®G) of the acid indicated the presence of 
Cc-SJi'^O 
10, l6-dIhydroxy G^^  acid ( l i t . gives m.p, 75-76®C). The other tvo 
fractions were mixtures and vere not studied further in detail. 
Identificf^tion of lOy l6-dihydro:a±LeixadeGanoic acid. 
Qhg,racterisabion. 
The acetoxy ester (200 mg.) was hydrolysed with alcoholic 
potassi-um hydrooxide (0.5N, 10 ml.) and the recovered acid was crystallised 
in the form of needles from aqueous methanol. The acid melted at 
76-77°G, The chemical analysis was as follo\<rs i 
Acid value - 192 
Hydroxyl value - 370.3 
Acid equivalent - 292,2 
These data indicated that the acid might be a C^ ^^  dihydroxy one, 
it -^W'-J^ % 
(Found 0= 6 6 H = 11.3^ G^ .^ E^^ O ,^ 0=66,6; H=11.2^  eq,wt.:288). 
The methyl ester prepared in the usual way was eiystallised from (9^85) methanol, m.p. 68-69°G ( l i t . gives m.p. 67.5 - 68°C). 
O_yidation to the keto dicarboaylic acid. 
To 'hie acid (88 mg.) dissolved in acetone (5 ml.) was added 
dropwise , a solution of chromic oxide (50 mg.), water (5 ml.) and 
concentrated sulphuric acid (0.5 ml.). After addition of the reagent, 
the mixture was stirred for 30 minutes at room temperature. It was 
then poiired into water, extracted with ether eoid the solution in ether 
washed with water. After removal of solvent, the|derived solid acid(70 mg,) 
100.. 
was orysballised from petroleu. ether aJid melted at 113-113.5°C 
(li-S''gives m.p. 112.5 - 113.5°C for 7-keto hexadecanedioid acid). 
This indicated that the primary hydroxyl group was at 
Position of the secondary hydro?jyl eyoi:^ . 
The methyl ester (lOO mg.) in acetic acid ( l ml.) was 
(85) 
oxidised with chromic oxide (lO mg.) for 24 hrs. at room tempera-
ture by diaking in a mechanical shaker. The mixture was added to water 
(50 ml.), and the solution was extracted with petroleum ether and 
ether re^ectively. The oxidised products were recovered from the 
respective solvents s^ d' were examined by TLG, The recovered half esters 
of dibasic acids from petrol em ether extract were hydrolysed and these (89) 
dibasic acids also were examined by TLG , Adipic and pimelic acids 
(R^ = 0 , 5 1 and 0 , 5 6 ) were identified from ether extract while azelaic 
and sebacic acids 0,63 and 0.68) -were identified from petroleum 
ether extract. These results indicated that the secondary hydrossyl 
group is at C^^  position, 
_Qhain lenf^ th detemlnation. 
" ^ (84) 
The ester (20 mg.) was subjected to iodination-deiodination 
in the usual manner and the parent compound was indistinguishable from 
methyl palmitate. All these above findings proved that the original 
acid was 10, l6r dihydroxy hexadecanoic acid and has been isolated 
for the first time from soft resin in lac. This acid represented 
1,5^ of the total acids of hydrolysed soft resin. 
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Chromatography of Fr. D-2.3. 
The acetoxy ester of D-2.3 (6.88 g.) was deacetylated bv 
dissolving in dry methanol (25 ml) and adding a catalytic amount of 
sodium methoxide in dry methanol {prepared immediately before use 
by dissolving apiece of fresli sodium in dry methstnol), The solution 
was refluxed for 10 minutes, then added to water (lOO ml.) and ether 
extracted to yield the hydroxy ester (6,3344- g. ) . The methyl ester 
(6.3 g.) were chromatographed over slLica gel (75 g.) and four fractions 
were collected vide Table 16. 
Fr. No, IQ.'oent Ratio in Weight in % of load, 
volume g. 
1 Benzene 100 4.3734 68.40 
2 BenzeneJ ether 90{10 0.6320 10.00 
3 -do- 80:20 
70:30 
0.5418 8.5 
A -do- ' 60:40 
50:50 
0S100 
0.8218 13.0 
First tw fractions were found to be similar on TLG, Fractions 3 and 
A indicated the presence of such compound having at least two hydroxyl 
groups in the molecule. First fraction had a smell like molten lac and 
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was steam distilled to remove the odoriferous principle present in it. 
Fraction (3.5 g#) and \ ( s te^ distillate 0,49 g^) vere obtained. 
Fraction I„ was then chromatogr^hed over silica gel (lOO medi, 100 g.) 
a. 
eluting with light petrol/ether miartures a^ d^ three fractions were 
collected, vide Table 17. 
FreNo. Solvent Ratio in 
volume 
Wei^t in 
ge 
% of load 
1 P et.ether:eth er 90:10 
80{20 
1,6814- 48,04 
2 -do- 70:30 
60:4-0 
0,9512 27.17 
3 -do- 50:50 
0:100 
0,8646 24.7 
First fraction was fotind to be pure = 0.029) on TLG using solvent 
system-B, The second and third fractions were highly polar and were 
not studied further. 
On hydrolysis of first fraction, an acid (m.p. 183-184®G) 
was obtained and the melting point of the acid was undepressed by an 
(62) 
authentic sgffnple of laJcsholic acid (m.p, 181-183°G). 
Qhromatogr/:^ phy of Fr, and D-^-. 
These fractions indicated the presence of aliphatic dihydro3?y 
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esters with traces of methyl aleuritate and dimethyl ^ e l l o l a t e . 
Both were combined, acetylated and the product (38 g.) vas rechromato-
graphed on s i l ica gel (500 g. ) eluting with pet, ether (60 - 80®C)/ether 
mixtures and f i ve fradtions were collected, vide Table 18, 
Table 18 
Fr.No. Eluent Ratio in We i^ t in ^ of load 
volume g. 
B-3.4 Pet. ether 5 ether 0:1CX) 0.0544" 0.14-
2 -do- 9 0 : 1 0 6 , 2 6 3 0 16.28 
85:15 
3 -do- 80:20 6.7284 17,5 
73:30 
U -do- 60:40 8.054.2 21.99 
50550 
5 Ether 500 ml. 17.0808 44..94. 
methanol 200 ml. 
The acid from this fraction was identif ied as butolic acid, 
I t Was found to contain mainly the diacetoxy ester with 
traces of acetoxy dimethyl shellolate. The dimethyl shellolate was 
then removed by converting the acetoxy ester into the methyl ester, 
treating .with sodium methoxide (deacetylation) and pure dihydroxy 
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ester was obtained. The acetoxy ester (6.2 g.) -was deacetylated by-
dissolving in dry methanol (15 ml.) and adding a catalytic aaount of 
sodiiioi methaoxide in dry methanol (lO ml,) , prepared immediately before 
by dissolving a sraall piece of fresh sodium in dry methanol. The 
solution was refluxed for 5 min\ites, then added to -water (lOO ml.) 
and e x t r a c t e d with ethyl acetate and ether to yield pure dinie"thyl 
she?llolate (0.7 g.) and dihydroxy ester (5.5 g » ) . w 
Dimethyl shellolate melted at 14.8-149°G which vas'undepressed 
(62) 
by an authentic s^ple of dimethyl shellolate (m.p. l4-8-l4-9®G). 
Identification of dihydroxv ester. 
The methyl ester of the dit^rdroxy component (R|. = 0.74 
solvent system-B) vas sho-v/n to be derived from threo-9.10-dihydroxy 
tetradecanoic acid by the following experiments : 
Chain lengthf- The ester (50 mg.) was subjected to iodination-
(84) 
deiodination . The product (40 mg.) was indistjjiguishable from 
methyl tetra3.ecanoate. 
Oxidation t- To the hydroxy ester (20 mg.) in acetone (2 ml.) 
was added drop-wise a solution of chromic oxide (25 mg.) in water ( l ,5 
ml.) and concentrated sulphuric acid (0.4 ml. ) . After shaking for 
half an hour, the mixture was poured into water and ether extracted 
which gave the oxidised product ( f ree dibasic acid). The product was 
identif ied by TLC as azelaic acid (R .^ = O .63). The oxidation was also 
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repeated by von Rudloff* s method aJid the presence of azelaic acid as 
oxidised product was confirraed ty TLG, 
Isopropylidene derivative The solid acid (33 was dissolved 
(27) 
in dry acetone (2 ml.) and anhydrous copper sulphate (^prox . 0.1 g.) 
added. After 24 hrs. the solution was f i l t ered , the copper salts 
washed with dry ether and the combined solutions evaporated to yield 
the isopropylidene derivative. I t was examined TLC using 
authentic sample of the acid. The derivative was a l iquid mass liiich 
moved as a single spot (R^ = 0.62). The corre^onding R|. value for 
dihydroxy add G^^  being Rj^  = 0.30 in the solvent syston pet. ether J 
ether;methanol:^0:40: iQi 
Position of glycol groupi- The acid (68 mg.) was subjected to von 
(88) 
Rudloff* s oxidation . One major product, corre^onding to azelaic 
(89) 
acid (R^ = 0 . 6 3 ) was found by TLC 
Gharg,cterisation y- The hydroxy acid, obtained by hydrolysis of the 
ester and recrystsll isation farcm^  pet. ether (60-80°C) had m.p. 78-79®C 
(98) y c/ ^ 
( l i t , 80®G) , found C= 64.49V H=10.92;' C^^  H28 0^ requires C=64.6V 
11=10.77^ The methyl ester of the hydroxy acid had m.p, 58-60®G. The 
melting point of the acid was undepressed by an authentic sample of 
9, 10-d3hydroxy myristic acid (m.p. 78-79®C). The hydroxy ester 
behaved in a similar manner, as methyl threo-9, 10-dihydroxy stearate 
(80 
(Rf = 0.08)on a TLG plate impregnated with boric acid in solvent 
system pet. ether:ether<60:4gl and also on normal plates (Rjp= 0.59) 
in the solvent system chloroform:methanolacid.° ( '?c ) ;/C) ;^, ) 
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These results confirmed that the original acid was 
(78) 
threo-9. I0"dihydroxy tetradecanoic acid and rqjresented 10% 
of the total acids of soft resin. This acid has been isolated 
for the f i r s t time from soft resin in lac, 
TLG examination of the methyl esters of these t w 
fractions showed the presence of mainly the dihydroxy ester (major 
component) with a trace of a l e u r i t i c ester. The dihydro:Ky ester 
was found to be identical with the one reported above. 
Fr. D-3.5. 
The acetoxy esters (17 g. ) were deacetylated into 
methyl esters (l6,5 g.) by treating v;ith sodim methostide in dry 
methanol, ijn the usual manner. The methyl esters were shown to 
consist mainly teipenic esters (dimethyl acetal methyl jalargte, 
dimethyl shellolate, epishellolate). 
Fr. D-5 n^d D-6. 
The methyl esters of these fractions indicated the 
presence of dimethyl Ae l lo la te , epishellolate* dimethyl acetal 
methyl jalarate, R^ values of these fractions were found to be 
similar to those for the authentic compounds. 
CHjtPTER - IV 
QUANTITATIVE ESTIIiATION OF JALARIG ACID AND ACIDS WITH VIGIfJAI. 
HIDKOmS 
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QuaPtitatlve est3matlon of add having vicinal dihydTOity 
groups apd jalaric acid In soft resin. 
Introduction 
The woik described in oh^ter I I I had clearly ^o-wn that 
alairitic and dlhydroxy acids (-^ 2550 \iiich have a pair of vicinal 
hydroxy groups, and jalaric and other teipenlc acids (^ -O® are the 
major constitaents of soft resin. It is b^ieved that jalarlc 
add' is the primary product of hydrolysis of lae resin and during 
hydrolysis, a part of it is converts into diellolic, Qpishellolic. 
(23) 
lak^olic and Qpilak^olic acids lay a ©annizzaro type of reaction , 
Hence it was thought •worthTiiile to estimate the total 
amounts of acids having vicinal hydroxy groups and jalaric add 
In the soft resin. The present chapter brings out the results of 
quantitative estimation of these adds in sof^ resin before and after 
ssponification. 
Estimation of total amount of, vicinal dlhydroxy 
ad4s as ^ffltritig^aaM. 
The estimation of alewritic add had been described 
(67),(68),(695^ 
by a number of warkers "-siio have utilized the cleavage 
of the *-^ycol function of alaaritic add, either hy lead 
(67) (68) 
tetraacetate or periodic add , 
IWJH-GH-a^  ^ R-GH+R -^GH+H +^H2D3 
OH OH 0 0 
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The reaction is quite ^ecif ic for « -^ycol fission. 
An examination of the publi^ed procedures dtiow that the periodic 
(68) 
add method described hy Sengupta is most suitable and has been 
utilized in this study for the estimation of vicinal dihydroxy 
content before and after saponification of soft resin, prepared 
fram genuine samples of seed lacs (vide Chapter I I ) . The values 
have been calculated on the molecular weight of aleuritic acid and are 
summarised in Table I* 
(62) 
Recently KhuraJia had also estimated the amount of 
aleuritic acid in soft resin as veil as in hard resin by the same 
procedure. The values, however, differed vith our values in a few 
cases, as will be evident from Table I. 
Table I, 
Source of Before saponification 
soft resin estimated estimated 
ly us (^ by 
Khurana 
After saponification 
estimated estimated 
by us ( ^ by Khurana 
Palas 12.8 9.8 25,0 16,9 
Kusmi 12.7 12.5 26,5 
Ber 11.8 17.1 24..0 23,/+ 
Jalari 12.8 11.7 23.7 28,6 
Bhalia 12,1 m 22.3 •• 
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Estimation of jalarlc acid. 
The characteristic feature of jalaric acid (Fig, 1) 
is the presence of an alddiyde group in the molecule. Since a 
detailed analysis of the h^rdrolysate from lao resin failed to 
shov the presence of any other aldehydic constituent besides 
jalaric acid, an estimation of ald^yde group (-GHD) in soft resin 
•would be a measure of jalaric acid. 
^CHa-oH 
CH3 
F I G . - 1 
(66), (70-72) 
Several methods (such as oxime formation, 
bisulphite addition, oxidation of aldd^yde only, hydrazone f>iiaation) 
are available for the estimation of the aldeiwdic function as veil 
( 6 ) , ( 9 ) 
as carbonyl group in general, 
(6) 
Kamath et have determined the carbonyl value of 
Various types of Celiacs, employing hydrojiylamine hydrochloride, 
sodium bisulphite and alkaline hydrogen peroxide methods. Their (9) 
results were reassessed by Sengtjpta and Tripathi ^ o concluded 
that the carbonyl value of shellac ranges from IO-3O and they 
recommended a modified sulphite method for its estimation, 
(62) Recently Khurana estimated the jalaric acid content 
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(73) 
in hard and soft resins by Siggia and Segal* s alkaline silver 
(74) 
oxide and Lsppin and Clark's acidic 2,4-diaitropheayl hydrazone 
methods. In both the methods he obtained alJaost identical values 
and concltided that the alddiyde flinction is not ma^ed in the 
lac resin, 
(75) (9) 
The wrk of Kamath ^d Sengigjta , however, 
indicated that the aldehyde ftmction is partly masked in lac resin. 
It would, therefore, ^pear that under conditions of estimation, 
i .e. , strong alkaline and strong acidic conditions adopted by 
(62) 
Khurana , the resin has undergone hydrolysis setting free the 
total amount of alddiyde function. Hence in order to arrive at a 
correct picture, a method based on less drastic condition of reaction 
vaa sought for and Sengupta and Tripathi's modified method, after 
(66) 
Siggia , appeared to be most suitable. 
The reaction between an ald^yde and sulphite magr be 
(66) 
represented as foliows , 
H 
I 
R-GHO+Na SO +H 0 R-G-OH + Ng)H. 
2 3 I 
SO^a 
There is an equillibriam in the foregoing reaction, and 
the reverse reaction is quite pronouaced. In case of shellac, 
however, the liberated alkali may be consumed ly the free carboxyl 
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group cariying the reaction to completion. But the chances of ssponi-
fication of shellac by the alkali, though very raaote, may not be 
overlooked. On the other hand, In the modified method, viiere an 
aliquot of standard siilphuric acid is added to a large excess of 
sodium sulphite solution to produce sodium bisulphite in gitu . 
elsttinates the chances of saponification of Celiac, The aldehyde 
group of Celiac will react with bisulphite, and the excess bisulphite 
is titrated with standard alkali* The reaction mi^ ht also be viewed 
as the aldehyde reacting with the sulphite and the liberated alkali 
being consumed by the acid present, thus forcing the reaction to 
completion- The large excess of sulphite will help}the reaction I 
essentially to completion -t^ ien the unreacted bisulphite is titrated 
with alkali. Moreover, the modification is of advantage as both the 
blank and the sample are titrated against the ssme standard alkali to 
the same end poinlJTiiich incidentally is quite diarp with thymolphthaleia. 
As a preliminary to finding out suitable conditions 
for correct estimation of jalaric acid before and after saponification 
various reaction conditions were tried. The results are tabulated 
in Table 2, 
Reagent solution 20 ml sodium sulphite (0,8N) solution with 5 ml 
of standard sulphuric acid solution (0,1N), 
0.1-0,2 g, soft resin, dissolved in 20 ml alcohol 
with 5 ml of water. 
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Serial Wo, Reaction conaition % of jalaric 
______ pcid fotmd 
1 (a) 5ajn,ple+reagent solution, kept at room 
temperature for 5 minutes. 13.2 
1 (b) Sample + reagent solution, kept at roam 
temperature for 24 hours, 12»6 
2 Sgjaple + reagent solution at water bath 
temperature for 3 hours, 33,8 
3 Staple + alkali, kept at room temperature 
for 34 hotirs followed by addition of 
reagent solution, 36,3 
4 Sample ¥ alkali, refluxed at water bath 
temperature for 3 hours followed by-
addition of reagent solution, 36,2 
5, Ssjnple + sulphuric acid solution, kq)t 
at room temperature for 24 hours followed 
by addition of sodium sulphite solution, 34,4-
6 Sapqple + sulphuric acid solution, refluxed 
at water bath temperature for 3 hours, 
followed by addition of sodium silphite 
solution, 34»5 
7 Sample + sodiiam sulphite solution, k^ t at 
room temperature, followed by addition of 
sulphuric acid solution, 34,6 
8 Sample + sodium sulphite solution, refluxed 
at water bath temperature, followed by 
addition of sulphuric acid solution, 34,6 
It will be evident from Table 2 that under the above 
conditions, except isfaere a mixture of sulphite-sulphuric acid is 
used at room temperature, there was a complete liberation of the 
combined aldehyde function of jalaric acid. The percentage of 
jalaric acid thus estimated tmder various conditions were in veiy 
good agreement. 
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Finally the estimation was carried out vith various 
soft resins pr^ared from palas* Isiaii, laJ^ay^ slid WxjQLia seed 
lacs under three reaction conditions, (S.Nos. 1, 4 and 6 of Table 2), 
The results are brought out along with the values r^orted by Khurana 
in Table 3« The correponding carbonyl values were also calculated 
and are sommarised in Table 4. 
Table 3. goiroarative percentage of .lalaric acid in soft resins. 
Jalaric acid 
Before hydrolysis 
S ourc e ( aLkal ine) 
(Sr.No.1 of Table 
After alk- After acid Recorded by 
hydrolysis hydrolysis Khurana (D.N,P. 
(Sr,No,4 of (Sr.No,6 of method) 
Table 2) Table 2) 
Palas 13.2 36.3 34.4 36.1 
Kuani 12.9 34.5 33.7 34.6 
Ber 12.0 36.0 33.8 36.8 
Jalari 11.9 37.5 33.4 34.1 
Bhalia 12.4 37.0 33.3 -
Source 
Carbonyl value 
before alkaline 
saponification 
Carbonyl value 
after alkaline 
saponification 
Carbonyl value 
after acid hydrolysis 
Palas 25.1 72.7 68.1 
Kusmi 26.0 72.0 ' 68.3 
Ber 24.2 73.2 68.3 
Jalari 24.8 76.4 68.0 
Bhalia 34.8 75.6 65.5 
Oonqlasion 
Prom the reailts shovm in Tables 1 and 5 (zMs 
pages 103,1 w ) , it is quite clear that the "-glycol linkage of 
acids with vicinal hydrojgr groups is partially masked In the 
soft resin, as the value of vicinal dihydroxy content before hydro-
lysis is nearly half of that found after hydrolysis. Thus at 
least one hydrojsyl group of the «-glycol linkage may be involved 
in an ester linkage. The results also ^ovred that the nature of 
the host trees did not have very significant effect on the 
composition of the polymer. The gjaount of aleairitic acid actually 
(62) 
isolated by Khurana (3 percent) was much analler than liiat would 
be e:5)ected by him from Table 1, This implies that the soft 
resin hydrolysate should contain some other acids with "-glycol 
linkage. However, it has been confirmed (vide Ohgpter I I I , 
page <.5 ) in the present work that the amount of alearitic 
and 9, 10 - dihydroxymyristic adds actually isolated were 25.3 
percent vJhich was in close agreessent with the estimated value of 
25 percent. 
By comparison of the results recorded in Tables 3 ahd 
6 (see pages 114,lax), the percentage of jalaric acid as deteimined 
in both hydrolysed and intact soft resin is not ldent:^cal. The 
value of jalaric acid found before saponification is nearly one 
third of that found after hydrolysis, thus clearly indicating 
that the aldel^ yde function is partially ma^ed in soft resin. 
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Frcaa the vaZue, it is quite clear that tw thirds of th© jaZaric 
acid content is in the combined form and one third is in the 
free foim. These results confirmed the views put forvard by 
Kamath and Sengapta that aldehyde function is partly ma^ed In 
lac resin and di^roved Khurana* s contention that the \iiole of 
aldehyde function of jalaric acid is free. 
That al l the jalaric acid present in the soft 
resin is set free during alkaline i^ro lys is farther suggests 
that the combined aldehyde function is present most probably in 
the form of an acylal linkage and not as acetal or hemiacetal 
linkage vhich are resistant to alkali. 
EXPER]>IENTAL 
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laggRiMmm 
Estimation of total vicinal dlhydroay content 
Reagents.- 1. Oa^igiJia 
Periodic acid (10 g.) was dissolved in water 
(400 ml.) and diluted with glacial acetic acid 
(B.Q.H.) to a total wlnme ©f 2 l itre. 
The solution was kept in a dark, well stoppered 
bottle, 
I. (A,R,, Merck) - 2035 solution, 
f. 156 solution in boiling water. 
Standard godlam thiosalphate solution. 0,104 N, 
A:iI,thio sulphate Mole,wt,of 
^jlsalsMsas* % dihydrossy content » aloaritic Bcid:5ciao 
Weight of. sample x 2 x 1000 
viiere A= mlLilitres for blank - mllilitres for sample. 
Alearitic acid (lOO mg) was dissolved in glacial 
acetic acid (5 ml), treated with the oxidising agent (20 ml) and 
the mixfrare was kept in the dark (20-25®0), After 30 minutes 
chlorofonn (5 ml) and potassium iodide solutions (10 ml) were 
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added to the reaction mixture and the liberated iodine titrated 
with sodim thiosulphate using starch as indicator, A valae of 99.7^ 
for the pure sample of alstiritic acid was obtained. 
By following the above method, the percentage of 
vicinal dihydro:;^ content in soft resin for differmt varieties 
of seedlacs were determined, A blank was also run at the same 
time omitting the sample. The soft resins of different varieties 
of seedlac were prepared by the four methods described in Ghgpter II, 
This estimation was carried out before saponification of soft resija.. 
Soft resin (0,1-0,2 g.) was dissolved in alcoholic 
sodium hydroxide (10 ml, 0,5N) and the solution was refluxed for 
three hours at water bath tesraperature. The reaction mixture 
was cooled and the equivalent amount of sulphuric acid was added. 
For 10 ml of alcoholic sodium hydroxide, 8,4 ml of sulphuric acid 
being required, 9 ml of sulphuric acid was added in each 
sample. Then the aleiritic acid content of the hydrolysed soft 
resin was determined by the procedure described above. The 
results of analysis are summarised in Table 5, 
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Table 5, The percentflge of total vicinal dihydro?^ content 
In soft resins prepared by different methoda 
Method 1 Method 2 
B» 
Method 3 Method 4 
Source A* B* A* B» 
Palas 12.6 23.7 12.9 25.4 12.8 23.6 13.0 23.3 
Ktianl 12,6 27.3 12.6 26.9 12.7 26.3 12.8 26.2 
Ber 11.8 23.5 11.8 23.1 12.0 24.0 11.8 25.2 
Jalarl 12,8 23.3 12.8 23.2 12.6 23.8 12.9 24.4 
Bhalia 12.1 21.8 12,1 21.1 11.9 22.6 12.1 23.7 
« A = Percentage before saponification 
= Percentage after saponification 
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Estimation 9f lalaric flcid content 
1, Sodium sulphite solution -O.SN (Ejctra ptire) 
2, Ethyl alcohol - 95% free from aldehyde and esters. 
3, Standard sodiian hydroxide (aqueous) solution -O.OS*;!!, 
A. Sulphuric acid solution - O.HK 
5, Thymol phthaleln indicator - 1,0 gn of the indicator 
is dissolved in about 20 ml of 95^ ethyl alcohal eOid 
diluted to 100 ml. 
G^culatiops. 
% compound = A x N. Ni^ H x molecular vt. of ;i^laric acid 100 
Weight of sejnple x 1000 
Where, A = millHitres of standard alkali solution needed to titrate 
the blank and the free acidity of soft resija used minus 
the millilitres of standard alkali used to titrate the 
ssjnple after reaction. 
Procedurgji. 
1(a) J'irstly, the acid value of the sanple vas deteimined. A Imoi® 
accurate wei^t of ssimple (soft resin) was taken and dissolved in 
20 ml. alcohol^5 ml. of water, 20 ml, of sodium sulphite solution 
and 5 ml, of sulphuric add solution were then added. The mijdiure 
was thoroughly shaken and kept aSide for 5 minutes. It was then 
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titrated against a standard sodium hydroxide solution, A blajik 
vas a l ^ ran simultaneously with the Same reagents omitting the 
sample and titrated against alkali. The percentage of compound 
vas then calculated. The results are summarised in Table 6, 
1 (b) Effect of sodium sulphite - sulphuric acid solution 
The sample (0,1-0,2 g,) vas dissolved in 20 ml of alcohol 
and 5 ml of water, 20 ml of sodium sulphite solution and 5 nil of 
sulphuric acid were added . It was then kept at room temperature 
for 24 hours and titrated against standard alkali solution, A 
blank vas also run. The ssjne values vere obtained as above, 
2, Effect of sodium sulphite - sulphuric acid solution 
al-Mater bath tgnperattpi-Q, 
Soft resin (0,1-0,2 g.) was dissolved in the manner des-
cribed above stnd the same simount of reagent solutions vere added. 
It was then refluxed on the vater-bath for 3 hrs, and titrated 
with alkali, A blank was also run, A value of 33,8^ for the 
jalaric acid content vas obtained, 
3. ISffect of alkaline saponiflci^tlon at room tempe.i'aturQ. 
Soft resin (0,1-0,2 g,) was dissolved in 20 ml of alcohol, 
5 ml water and 10 ml sodium hydroxide solution (0,5N) added. It 
was kept at room temperature for 24 hrs. Then 20 ml of sodium 
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sulphite solution aiidl5 ml of sulphuric acid solution vere 
added, A hLank was also run s3jmilt«ae«^usly« Both vere titrated 
against alkali. A value of 36.3^ for the jalaric content was obtained, 
4.. Effect of alkaline saponification at water 
The same procedure was adopted as described above. The 
mixture was refluxed at the water bath temperature for 3 hrs., 
instead of room temperatxire. The pe:^centage of jalaric acid 
content in different soft resins was also determined in the sgjne 
Way and the results are summarised in Table 6. 
5. Effect of acid hydrolysis at room tanoerature. 
Soft resin (0.1-0,2 g.) was dissolved in 20 ml of alcohol 
^d 5 ml of water and 5 ml of sulphuric acid solution added and the 
mixture was ki^t at room temperature for 24 hrs. 20 ml of sodium 
sulphite solution was then added and titrated against alkali 
solution, A blank was also run, A value of 34,5/S for the jalaric 
acid content was obtained. 
6, Effect of gold hydrolysis at water bath temperature 
The same procedure was adopted as above. It was refluxed 
at water bath temperature for 3 hrs, instead of keeping it at 
room temperature. The seme value was obtained. The perO^eixtege 
of jalaric acid in different soft resins was also estimated in 
the SEjae manner and the results are summarised in Table 6, 
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Table 6. Pftr^Qent»ge of .inlaric add content in soft resing 
]orepared by different methods bef&rj 
J3£id). 
Source Method 1. ^ Method2. Method 3. Methfis 
A* B» G* A* B* A* B« G* A* B» G*" 
Palas 13.3 36,8 34.2 12.9 36.9 34.7 13.3 35.5 34.9 13.2 35.8 33.7 
Kuami 12,5 36,1 33.0 11.8 35.4 34.8 13.6 32.2 33.2 13.6 34.3 33.9 
Ber 11,1 37,5 34.3 12.2 34.3 34.3 12.5 36.5 34.2 12.2 35.8 32.5 
Jalajri 11,8 40.5 33.5 11.3 37.0 33.0 12.5 35.9 33.0 12.2 36.5 34.0 
Bhalia 12,0 37,7 33.1 11.8 37.8 33.9 12.7 35.0 33.1 13.1 36.5 32.9 
A* = Percentage of jalaric acid before saponification, 
B* = Percentage of jalaric acid after alkaline ssponification, 
= Percentage of jalaric acid after acid l^ydrolysis. 
7. Effect of sodium sulphite at rooTn temperptijre. 
Soft resin (0.1-0,2 g,) was dissolved In 20 ml of alcohol and 
5 ml of water and 20 ml of sodiiam sulphite solution added. It vas 
then kept at room temperature for 24 hrs, 5 ml of sulphuric acid 
solution vas added md. titrated against alkali, solution. A blank 
was also run, A value of 34,0 percent for the jalaric acid content 
was obtained, 
8, Effect of sodium sulphite at water bath temperature^ 
The Same procedure was adopted as above. It was refluxed at 
water bath tmperainire in the mmner stated above, A value of 
34,6 percent for jalaric acid content was obtained. 
SUMMARI 
123.. 
STUDIES ON THE GONSTITUTIDN OF LAC 
SUMMAPJ 
Lac is a natural resin of insect origin and is of 
outstanding properties and exceptional versatility. It is the 
hardened secretion of lac insect, Laccifer lacca (Kerr). The 
resin is a complex mixture of several components and may be resolved 
by ether into two fractions viz. ( i ) a portion soluble in ether 
named "soft resin" (30^) and ( i i ) a portion insoluble in ether ngfned 
"pure or hard resin" (70JO. 
As the latter fraction was recognised to be mainly 
responsible for most of the characteristic resinous properties of 
lac, much wjrk vas centered round its constitution. Of course, 
some Casual attempts vere also reported on the constitution of soft 
resin leading to inconclusive results. However, in order to evolve 
newer uses of lac and to suitably modify it, a knowledge of the 
chemistry of sofi; resin is also necessary. With this view in mind 
the present systematic investigation was undertaken. 
As the name ln^ilies, the soft resin is a sticky balssan -
like material of bright orafjge to reddish bro^ vm colotir due to the 
presence of erythrolaccin which is responsible for the colour in 
lac. It has an acid value of IO3-IIO, a s^onification value of 
207-229, one hydroxyl groip, one double bond and a molecular weight 
in the range of 513-556, 
124.. 
The previous workers in this field have adopted the 
conventional methods of isolation and very l i t t le success was 
achieved due to its complexity. At present, various chromatographic 
methods have been developed vhich have become isportant tools in the 
elucidation of the constitution of various complex natural organic 
compounds. It vjas, therefore, thought that the ado^ion of the various 
chromatogrgphic methods such as adsoiption column chromatogr^hy, 
thin layer (TLG) and gas liquid chromatogr^hy (GLG) mi^t lead to a 
clear picture with regard to the various constituent acids present 
in soft resin,. This would then throw light on the constitution 
of soft resin and ultimately on that of the lac molecule as a 
whole. The present work comprises of three parts. 
Part I - Isolation of soft resin. 
At the outset it was felt necessary that the starting 
material, soft resin, should be obtained in as pure a condition as 
possible, 
A comparative study was made on the isolation of soft 
resin from different types of seedlac (palas« kuani. ber. .1 alari and 
bhali?^) by foTJr different methods, such as ( i ) ether-extraction^ ( i i ) 
alcohol-extraction saad precipitation with ether, ( i i i ) urea-complex 
formation from acetone solution and (iv) temperature phase separation, 
with acetone. The yield of dewaxed soft resin was within 25-29% on 
the weight of resin in seedlac. The acid, s^onification, hydroxyl, 
carbonyl and iodine values and molecular weight of the soft resins were 
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found to vary vithin 100-112, 207-2^, 106-135, 22-27, 19-26 and 
500-560 respectively. It vas concluded that there was hardly any 
difference in the properties of the soft resin obtained from, 
various sources by different methods. The second method, however, 
appeared to be easiest for the preparation of soft resin. 
Part II - Component acids of soft resin. 
In the present study, dewaxed soft resin from pa3.as seedlac 
(the major crop) was prepared by method 2. The soft resin was 
hydrolysed with caustic soda in alcohol medium, the free acids recovered 
and converted to methyl esters by methanolic hydrogen chloride. The 
methyl esters were fractionated into adducted (A, 9.5/6) and non-adducted 
esters (B, 89.5^) by urea-complex foimation. The adducted esters (A) 
were acetylated and refract ionated with urea into adduct (A-l) and 
non-adduct (A-2). The adducted esters A-1 were chromatographed on a 
column of silica gel impregnated with silver nitrate and the 
fractionation was monitored by the help of TLC over silver nitrate 
inpregnated silica gel plates, A few pure compomds were isolated 
from fraction A-1 vhich have been identified as ( i ) satiarated and 
unsaturated straight chain acids of C^ ,^ C^ ^ and G g^ carbon atoms, 
( i i ) l6-hydroxy palmitic acid and ( i i i ) l6-hydroxy-9-palmitoleic acid. 
The non-adducted esters (A-2) were also chromatographed on a column 
of silica gel ahd fractionation Was monitored by TLC over ordinary 
silica gel plates. Two pure compounds from A-2 were isolated and 
characterised as ( i ) 6-Keto myristic acid,(ii) Isoaleuritic acid. 
126.. 
The fractionation of the methyl esters of the non-asiducted 
(B) was carried out by colimm chromatography on neutral almina, 
silica gel; sHioa gel impregnated with silver nitrate and urea-
adductation. The identification of the pure components such as, 
( i ) 6-hyd.ro5!y myristic acid, 
( i i ) 9,10-dthydro:i^ myristic acid, 
( i l i ) almritic acid, 
(Iv) 10, 16-dihydroxy palmitic acid & 
(v) terpenic acids^ 
were achiex'^ ed by the conventional methods as well as by the Infra-red, 
ELG & TLC techniques. By adopting the above techniques and methods, 
the following approximate composition of soft resin has been arrived 
at 
(1) Saturated and unsaturated fatty acids 
of chain length C.., G.^ and C „ with 
traces of 
(2) 6-^ Ceto myristic acid m.p. 69-70®G 
(3) 6-Hydroxy myristic acid m.p. 57-57.5°C -
(4.) l6-Hydro2y palmitic acid m.p. 89-90°C 
(5) 1 6 - I f yd r ox y p'almitoMc acid 
(6) Acid m.p. 83-84-®G 
(7) ihreo- 9,10-Dlhydroxy m.yristic acid 
m.p. 78-79°G 
( 8 ) 1 0 , l 6 - D i h y d r o 2 < y palmitic acid m.p.76-77°G-
(9) Aleuritic acid m.p, 100-101®C 
( 1 0 ) Isoaleuritic acid m.p. 93-94.°G 
( 1 1 ) Teipenic acids 
Shellolic ) 5.35S ) 
epishellolic ) ) 
) -
Jalaric ) 
Laicsholic acid) 3.1? 
epilaksholic ) 
$ in soft resin 
1.3 
2.5 
9.3 
2.0 
1.0 
0.2 
10.0 
1.5 
u ; o 
1.3 
36.0' 
(12) UnknoTfin Balance 
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Part I I I - Estimation of .ialaric 9,0id and acids with vicinal hvdroxvls 
The present vjork had show that aleuritic axid dihydroxy 
acids ( ^25^ , liiich have a paJj' of vicinal hydro j^yl groups, and 
jalaric and other terpenic acids 40^) are the major constituents 
of soft resin. Hence the amount of Jalaric acid and acids having 
vicinal hydroxyl groups in soft resins -were estimated by sodium 
sulphite and periodic acid methods respectively. These were found 
to be present to the extent of 12-13 and 11-13^ re^ectively before 
saponification, and 35-37 and 2M.-25% respectively after saponification. 
These findings indicated that nearly half of the vicinal hydroxyl 
groups in soft resin are present in a combined state. The gjnounts 
of aleuritic and 9, lO-dihydroxytetradecanoic acids actually isolated 
and the estimated value for acid with vicinal hydroxy! groups were 
found to be in very good agreement. 
In case of jalaric acid, the values obtained before 
saponification is nearly one third of that after saponification, 
•vdiich clearly indicates that tw third of jalaric acid is in the 
combined fom. These results also disproved the contention of 
other -workers that whole of aldehyde function of jalaric acid is 
free in soft resin. 
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